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ERRATA. 



Fagexvi For ixn^-^ 

Severn Framilode to Hock Crib, 14 miles 6 (inches fall per mile). 
Hock Crib to Sharpness Point 24 „ 5 „ „ 

Ttead 

Framilode to Hock Crib . . . . 8 miles 12*5 (inches fall per mile). 
Hock Crib to Sharpness Point 8 „ 14 „ „ 

Page Ixxxi., line 2 of concluding remarks— 
For date read data. 

On table 19, page 36, last line but four— 

For Irish Mile = 3038 yards, 

BmA z= 2240 yards. 

Page 6. Table 2, column 2,— against •34,/or 4M7, rmi 42*17. 

„ .„ column 4, — against '55tfor 86*69, read 86*69. 
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PREFACE TO THE FIRST EDITION, 



In the computation of hydraulic questions daily required by 
an Engineer, much labour is saved by the systematic use of 
Tables ; the means of detecting errors are far greater than 
in isolated calculations ; and the results, when tabulated, are 
more useful than any mere formula : the one shows the 
object attdned — the other gives the means only. 

In the following treatise, the author has endeavoured to 
extend the basis of hydraulic calculations, on which there 
should not be much difference of opinion, to systematic 
results ; the Tables are reduced to uniform measurements 
throughout, and the range of computations for slopes, velo- 
cities, &C., are such as will be required in practice ; the 
whole being expressed in decimal measures, which give great 
facility for application. 

To these ase added the general qualities of materials, with 
computations for the strength of iron beams of approved 
proportions, concluding with Tables of Numbers, &c., gene- 
rally required in a treatise intended for ordinary use of the 
Practical Engineer. The powers, roots, and logarithms of 
numbers are appended in a simple and legible form, to save 
the labour of searching them from different works in the 
numerous requirements of the profession. 

The computations of all the principal Tables are original, 
and have taken much time and labour. It would be scarcely 
possible to enumerate all the authorities ; among others con- 
sulted are — Robison, Leslie, Bossut, D'Aubuisson, Rennie, 
&c. ; without previous researches, it would be useless to 
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attempt a treatise of this kind^ and therefore, probably, the 
suggestions of many have been useful, although not speci- 
ficallj acknowledged. 

The leading object has been to induce a more general and 
systematic application of hydraulic formulae to practice : for 
the principles, being subject to the laws of gravity, must 
be uniform ; therefore, however varying the means and cir- 
cumstances, the results should be consistent. 

The remarks upon rain-fall and the produce of springs, 
have been made rather to give examples than to propound 
any particular theory. It is hoped that others may be in- 
duced to give their experience and facts, to throw more 
light upon the subject. 

When time permits, it is intended to add a Supplement, 
containing a generalized view of the phenomena of tidal 
estuaries, as practically useful to the engineer, with some 
more extended remarks on the flow of water from large 
districts. 



13, Great College-street^ 

Westminster^ May^ 1850. 
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PREFACE TO THE SECOND EDITION. 



The First Edition of this work was received with much 
greater favour than the author had at all expected ; and bj 
the kindness of his friends, the sale was large, for so technical 
a work. This will be the best excuse for the new form in 
which the book is offered. To extend the use of this edition 
as a hand-book for the Engineer, in matters relating to Hy- 
draulics and Hydrodynamics, many new Tables have been 
constructed, and Tide Tables are inserted at the close of the 
book, chiefly compiled from the data offered in the annual 
Admiralty Tide Tables, and from the Nautical Almanac. 

The Table of Constants for time and height of high water 
and mean spring range has been much extended, from 
various sources, including our own observations; where 
blanks are left, it will be easy to fill up as opportunity 
requires and offers. 

The introductory remarks on the use of the Tables, have 
been amended, and more information is interwoven, chiefly 
on our English rivers — ^the drainage areas of the more im- 
portant of which have been especially computed from the 
Ordnance Map. The original remarks on tides and rivers 
are limited, or otherwise we should have been travelling out 
of the scope of this treatise ; experience and practice are the 
great guide ; and therefore, to obtain the best data for prac- 
tical results, we have carefully collated all the well-authen- 
ticated data within our reach or personal experience, and 
had them condensed into tabular forms. The author has to 
thank several professional friends — Messrs. Cubitt, Rendel, 
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Rennie, Simpson, &c. — ^for their kind assistance in permitting 
the use of, and commanicating original papers. We have 
also to acknowledge accessible information at the disposal of 
Admiral Sir F. Beaufort, F.B.S., Captain Drinkwater 
Bethune, and Captain Yetch, of the Admiralty Harbour 
department, whose published reports contain good data — 
not omitting to mention Captain Beeche/s very valuable 
published papers; otheris to wh6m we are indebted, are 
named especially when the information is due to them. 

Considering the small extent of engineering literature, 
and the immense stores of knowledge constantly accumu- 
lating in the office of an Engineer, it is to be wished that 
more of these data were placed at the public disposal, for it 
is on such alone that any true theories can be constructed. 

Both editions of this work have been got up among a 
multitude of other necessary avocations ; and the laborious 
details of calculation have been carefully and I believe accu- 
rately worked out by assistants — ^Mr. A. Sanderson for the 
first, and Mr. R. Despard in the present edition. 



September^ 1851. 
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REMARKS ON THE USE OF THE TABLES. 



BISCHABOE OF SLUICES, BESERTOIBS, &o,- Table 1. 



DESCRIPTION AND USE OF THE TABLE. 

This Table is computed on the law that the velocity of a body, at any 
height expressed in feet per second, is as 8.04 times the square root of the 
height. When water falls freely under highly favourable circumstances, 
its velocity is nearly this theoretic quantity, and is represented in column 
B, in feet per minute, opposite various heights shown in column A. 

The column C is calculated from a co-efficient 7.5yh, and should be 
used, for finding the effective velocity of water passing through orifices 
of the form of the vena contractdj through well-constructed bridges, and 
ordinary sluices with good side walls ; very large and well-placed sluices ; 
and through wide dj[>enings whose bottom is level with that of the reser- 
voir. This table also gives the discharge through well-placed and large 
vertical pipes, and narrow bridge openings, by deducting l-9th from the 
tabular velocities. 

The column D is calculated from a co-efficient of 5 i/h, and should be 
used for the effective velocity of water through sluices without side-walls, 
such as are used commonly upon mill-streams and rivers, undershot wheel 
gates, and canal lock or dock-gate sluices ; except built under very favour- 
able circumstances, an intermediate between columns C and D is some- 
times useful. 



RULES AND EXAMPLES FOR THE TABLE. 

First — ^When the area of the orifice and the head of water are given, 
to find the discharge in cubic feet per minute ; Multiply the number in 
^ table of the column C or D, €u:cording to the case, by the area of 
the orifice expressed in feet and decimals, 

£xamples,-^ThQ fall of water is .05 through a bridge which has 600 
feet of sectional area ; what is the discbarge ? 

Tabular number of column C, opposite .05, is 100.3 X 500 ^ 50,150 
cubic feet per minute. 

The difference of level between the upper and lower ponds of a canal 
is 6 feet ; what is the discharge with a sluice having 4 feet superficial 
area of opening? 

The total height being 6 feet, and opposite 6.00 in column D, 
is 734.7X4 = 2,938, which divided by 2 for the mean discharge due to 
the height, gives 1,469 cubic feet per minute. If the lock be 100 feet 
long and 18 feet wide, it will hold 10,800 cubic feet of water, and conse- 
quently take 7.34 minutes to fill ; this would be too long, therefore the 
lock should have two sluices, each of 4 feet area. 
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Second, — ^When the discharge and the area of the opening are given, 
to find the head required ; divide the given discharge in feet, per minute 
(adding \-Sth for pipes), hy the area of the orifice in feet, find the 
result in cclumn C or D, according to the case, and column A will show 
the head required. 

Third. — When the discharge and the head of water are given, to find 
the area of opening ; divide the given discharge {or half such with a head 
decreasing* to zero) hv the tabular discharge opposite tfie given head 
(deducting l-9t& of column Cfor pipes) and the result will be the area 
of the orifice required. 

Examples may be worked from the former ones, thus : — ^Required the 
area of lock sluices to run 2,938 cubic feet per minute, with six feet 
difierence of level ; or, in other words, to emptj a lock 100 X 18 in 
3.67 minutes. 

The tabular number for 6 feet of head, in column D. is 734.7, and the 
mean discharge for the gradually decreasing head of the emptying lock, 
will be half, or 367.3 cubic feet per minute ; then ^^ = 8 feet area of 
sluice required. 

A vertical pipe is required to discharge 138 cubic feet per minute, from 
a reservoir with 50 feet head ; required the area and consequent diameter? 

The tabular number opposite 50 feet of head is 3181.95, which reduced 
l-9th is 2828.4. Then ^j^ =, .049 for the area of the pipe, which bj 
the table of areas will be found to be four inches diameter. 



GENERAL RULES FOR DISCHARGE FROM SLUICES, 
TANKS. RESERVOIRS, AND VERTICAL PIPES. 

First Case, — Multiply the square root of the given head in feet, by 450 
(400 or 300) times the given area in feet ; the result is the discharge 
in cubic feet per minute. 

Second Case. — Divide the discharge in cubic feet per minute by 450 
(400 or 300) times the area in feet ; the square of the result is the 
head in feet 

Third Case. — Divide the discharge in cubic feet per minute by the pro- 
duct of 450 (400 or 300), multiplied by the square root of the given 
bead in feet ; the result is the area of the pipe or opening. 

Note.^-450 is the multiplier for bridges, &c. 
400 „ pipes. &c 

300 „ ordinary sluices, &c. 



* Where the orifice of the sluice is covered, as in locks and river sluices, the " head 
of water " is the difierence of level between the respective surfaces ; in other cases, the 
head is to be taken from the surface to the centre of the opening ; and for bridges, < r 
similar cases, the accurate difference of level between the water surface on the upper 
and lower side of the bridge. When water is drawn down, as out of a lock with a 
head gradually diminishing to nothing, the discharge will be as the maximum head 
in half the time ; or in other words, for a head of six feet gradually diminishing to 
nothing, the main discharge will be half the tabn'ar number (for 6 feet) per m'nnte 
for the whole time. Other cases of reservoirs, &c., emptying or filling with an in- 
creasing or decreasing head, require intricate calculation, and we have thei efore in- 
serted in the Appendix some interesting problems from Hutton's Tracts which can be 
best understood by perusal. 
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The Bales and Tables above described, when carefhlly applied, will be 
found to meet all ordinary cases in practice. The observer will frequently 
find his sluices, &c., more or less favourably circumstanced, and he must 
exercise his discretion accordingly. Where there are very severe bends 
in pipes and culverts a loss of discharge is occasioned, which is treated 
of in another place. 



DISCHABOE OF WEIBS OB OYEBFALLS.-Table 2. 



DESCRIPTION OF THE TABLE. 

This Table is computed by the formula d = 214 v^hT[ where d is the 
discharge in cubic feet per minute, of one foot in width of the waste-board 
or ciil of the wdr, and h is the true height from the top edge of such cill 
to the surface of water where it is at rest, or nearly so. The principle of 
the formula is, that the curve of the water falling over is a parabola; con- 
sequently there can be discharged only two-thirds of the water which 
would pass the full section due to h; the constant 214 is two-thirds of 
321, which has been found, by frequent trials, to represent the factor, to 
be multiplied by |/h for giving the mean velocity in feet per minute of 
water passing over an obstacle such as a waste-board. The constant 214 
is consequently liable to some variation under favourable circumstances; 
for instance, where the weir is formed of a number of short bays, divided 
by beams. In these cases, the water passing the edges assumes the vend 
contractd form, and consequently the width of the opening should be 
reduced for the true quantity of water passing. These and other causes 
which may render the observation liable to error, must be treated with 
judgment, according to circumstances. 



PRACTICAL APPLICATION FOR GAUGING. 

The best way of gauging weirs is to have a post with a smooth headi 
level with the edge of the waste-board or cill; to be driven firmly in some 
part of the pond above the weir which has still water. A common rule 
can then be used for ascertaining the depth, or a gauge, shewing at sight 
the depth of water passing over, may be nailed on, with its zero at the 
level of the cill of the weir. The depths in the table are given in feet 
and decimals, as used in ordinary levelling: this unit abridges calculation, 
and is altogether better than measurement by inches, which has been the 
more usual custom. Among practical engineers, gauging by a weir has 
been always justly held to a3brd the most certain and efficient result, and 
especially for ascertaining the comparative discharges of streams, which, 
in cases of litigation and arbitrations, is often as important as ascertaining 
the reed quantity. The plain rules for correct gauging should be, absence 
of wind and current, a good thin-edged waste-board, and a weir not so 
long in proportion to the width above it as to wire-draw the stream ; for, 
in £his case, the water will arrive at the weir with an initial velocity due 
to a fall which is not estimated in the gauging, and the result will be too 
small, in all probability, A weir, for correct gauging, should always 
have a free fall over; but there are sometimes cases where measurements 
are required with drowned weirs — so called when the tail water has risen 
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above the level of the cill. In this case we hare Ifro conditions to deal 
with; first, the water passing at a depth represented hj the difference of 
levels of the upper and lower may be treated by this Table as a simple 
overfall; secondly, there is a section of water passing between the top of 
the waste-board and level of the lower water, whose mean velocity will 
be that doe to the difference of level or head above-mentioned. The 
velocity and discharge of this portion of the weir can then be computed 
from colamn D, Table 1 : the sum of the two will give very nearly the 
true discharge. 

The application of the Table in constructing weirs for relief of flooded 
lands is obvious. 

A paper has been lately read before the Institution of Civil Engineers, 
by T. £. Blackwell, Esq., the Engineer of the Kennet and Avon canal: 
it is on the eve of publication in their Transactions, and will be found 
well worth the study of those interested in these pursuits, as containing a 
condensed account of a vast number of experiments which must have 
taken great time and labour. The results of Mr. Blackwell's experi- 
ments seem to be, that under favourable circumstances, the constant by 
which the Table No. 2 is calculated, is substantially correct; that is to 
say, in a good situation for the flow of water approaching, and with a 
thin waste-board. With thick waste-boards, and narrow openings, the 
results are generally .80 of those which would be given by the Table. 

One important and useful set of his experiments, are on weirs with 
a lip three feet wide, having an edge level, or with a small slope in the 
transverse section; this is a kind of case frequently met with in practice, 
and we find that the results of Mr. Blackweirs experiments give from 
.70 to .75 of the Tables; this is quite consistent with the allowance we 
have generally found it necessary to make, where so much friction is 
involved. 



SUBFACE, MEAN, AND BOTTOM VELOCITIES 
Of Bivers, Streams, and E8tiiaries.--Table 3. 



DESCRIPTION OF THE TABLE. 

This Table is computed from the formula b =: \/b — 1 •, where the 
Velocity at the surface in the middle of a river is s, and that at the bottom 

b. The column of mean velocities is — t-; or may be found in an easier 

way by taking the mean velocity, m = s — i/s+.6. In the formula, the 
velocities are expressed in inches per second, but in the Table they are 
reduced to feet per minute, which is made the unit throughout this 
work, where applicable to ordinary use and custom. 



PRACTICAL APPLICATION. 

The Table shews, by inspection, the relative velocities of streams of all 
kinds, extending from 5 to 950 feet per minute. Its most important use 
is for gauging any quantity of water passing down any river or stream. 
For this purpose, get the surface velocity at the central part of the stream, 
by observing, either with a current meter, or with floats barely reaching 
the surface, and offering no space to the action of the wind; their velocity 
being noted by fixed buoys or by marks upon shore. The mean velocity 
corresponding to that of the surface as then obtained, is, in fact, an ima- 
ginary quantity, representing the mean of the whole area of water passing 
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the place of observation; therefore, when the discharge of a stream is 
required, take cross sections where the channel is straight, and observe the 
velocity of the surface; look ia the Table for the corresponding mean 
velocity, and multiply it by the area of the section in feet; the result will 
be the discharge in cubic feet per minute. If a current meter is used, take 
the velocity at the place of section; or if floats, take their time of passing 
between two sections; in either case repeating the observations at several 
places, for obtaining an average, and using the greatest judgment in 
selection of places for trial, for otherwise the whole is liable to be incorrect. 

The bottom velocities are chiefly useful for shewing the permanent limit 
of the bank, &a, of a stream which may be required to be straightened or 
made de novo. If any river pass at a greater rate than the banks will 
bear, it is a beautiful law of nature, and most certain in its efiects, that a 
greater sectional area is cut out; and thus the hydraulic mean depth being 
Increased, the surface slope becomes flatter, and the general velocity and 
scouring action is reduced. It is most essential to the success of artificial 
cuts that their bottom velocities should not exceed the permanent limit of 
the material through which they pass. The first action of this kind 
destroys the whole economy of a work,^deepening unequally is com- 
menced, — eddies and shoals must follow, and ineqnidity of water surface 
accompanies the evil, reproducing these efiects. 

The second page of this Table is headed by a statement of the efiect of 
bottom velocities on materials through which rivers usually are cut, and 
they form a criterion Tor the limiting bottom velocities of new cuts. It 
will be found, however, that the Table somewhat over-rates the efiect 
produced by currents when applied to rivers as they exist; for there are 
constant occurrences of higher velocities than these, offering no permanent 
damage to the bed of rivers; in point of fact, the bottom invariably 
becomes covered with weed or slime, which much prevents the effect of 
abrasion. 

The most usefiod instrument for getting velocities, where a float is not 
applicable, and where an under current is probable, is the current meter, 
formed by a vane in the Archimedean form, carrying an endless screw^ 
which turns a wheel divided on the circumference. We have had one 
made lately with a second or differential wheel, worked by the same screw, 
having one tooth less than the first, and shewing in its revolution about 
1,128 turns of the first wheel; this gives the power of leaving the instru- 
ment under water for a considerable time, which is frequently very 
desirable for obtaining a good mean velocity. In gauging by velocities, 
care should be taken to ascertain that the current does not under-run at 
the place of observation. This phenomenon frequently occurs in rivers 
and tidal streams, where the passage is narrow and deep, the latter 
generally an effect of the under-current rather than a cause. At sharp 
bends of large rivers, and at headlands on sea-coasts, this generally 
occurs, and is detected on the surface by the races which are formed. 
Striking instances mny be seen off the Isle of Portland, and some of the 
bold headlands of Cornwall, Wales, and the north and west of Ireland 
and Scotland. 



ABTEBIAL BEAINS, BIVEBS, &c.-Table8 4 & 4a. 

The rule on which this taUe is constructed is — ^multiply the hydraulic 
mean depth in feet by twice the fall in feet per mile; take the square root 
of the product and multiply it by 55 ; the result is the mean velocity of 
the stream in feet per minute; this again multiplied by the sectional area 
in square feet, gives the discharge in cubic feet per minute. The hydraulic 
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niean depth is obtained by dividing the sectional area of the itream by the 
border or wetted perimeter: in pipes this is sinipljr one-fonrth of the 
diameter. The table is arranged for falls of 2, 3, 4, 5, 6, and 9 inches, 
per mile, but, hj referring to the short table at the commencement of 
page 8, it can be readilr extended to 12 more rates of fall per mile^and 
even Airther extended hj using the following rule, viz.: the velocity and 
discharge varying as the square root of the fall, half the diachcwge or 
vdocity of cniy ffiven faU will be the discharge or velocl^ for one-Jourth 
that faUi or vice versa, for the discharge or velocity of f our timee any 
given faU per mi2e, take twice the discharge or velocity of such fall. 

Table 4a is given chieAy for application to large rivers, and it will be 
found to include in its dimensions some of the greatest examples. As 
applied to tidal rivers it shows that enormous power of discharge is given 
to large sectional areas, however small the fall, simply because the tabular 
results are based upon uniform conetryction and regular bedt. Having 
analysed numerous actual observations of rivers, the author has never 
found the rule for this table at fault, when the conditions were fairly 
represented in the experiments. 

The application of these tables to cuts of all kinds for straightening 
rivers, for forming mill heads and carrying off flood waters, is sufficiently 
obvious. The tables shew the slopes that rivers of various sizes wiu 
assume under the laws of gravity influenced by friction of the bed ; 
giving by mere inspection what would otherwise require tedious compu- 
tation. 



The following Statement of Falls of Lincolnshire Drains, &e., is by Mr. 
Utting, of Wisbeach, the Surveyor to the Nene Outfall Commissioners. 

Fen land ranges from 8 to 14 feet above the level of low water at sea. 

On tibe river Ouse, between February 2lBt and April 2nd, 1848, 
during the prevalence of the heaviest flood that had occurred for 
several years, the average fall per mile on the surface of low water, from 
Denver Sluice to Free Bridge, was under 7} inches per mile, and the 
maximum inclination was, on March 23rd, less than 9 inches per mile. 
Also, during the six weeks' flood, from October 9th to November 19th, 
1848, the average fall was less than 7" per mile, and the maximum under 
9" per mile. During the fourteen we^LS, from November 15th, 1847, to 
February 20th, 1848, the average fall was 6k inches per mile; and fi*om 
November 15th, 1847, to April 16th, 1848, the average fall was less than 
7 inches per mile. 

On the 16th July, 1849, the total fall from Denver Sluice to Free 
. Bridge, was only 2' 9', or 2.6 inches per mile, for 12 miles 5 furlongs. 

In the Nene, between the North Level Sluice and Sutton Bridge, the 
fall in the ordinary state of the river does not exceed 1} or 2 inches per 
niile; and at the height of the flood of March, 1848, it did not exceed 4 
inches per mUe: and at the same time, the fall from the Horseshoe to the 
North Level Sluice (4A miles), was only 6" more than ordinary. Below 
Sutton Bridge, the fall is or^narily about 1 inch per mile, though the 
surface of low water is frequently level. 

From March 13th to 26th, 1848, low water at Sutton Bridge, was, on 
the average, 4' 8".6 lower than at Free Bridge, 

The onginal dimensions for the upper end of the Nene outfall cut, 
were 410 feet wide at top, or at the level of high water spring tides; 
250 feet wide at bottom, and 20 feet deep; giring an area of 6597 
square feet. 

The Eau Brink cut, at spring tides, has 6535 square feet of sectional 
area. 
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GENERAL APPLICATION TO RIVER IMPROVEMENTS. 



The following Table of the Characteristics of Rivers, from the 
Phil. Tram,, gives a good outline of their general conditions. 

The velocities and inclinatloiia shew what may be expected under given conditions, 
and will be thus practically useful; it will be found to describe well the nature of the 
rivers of Oreat Britain, which frequently embrace in their course nearly all the 
eight descriptions. The insertions in blacker type are the author's. 



CHABAGTEBISTICS OF RIYEBS. 



FirsL — Channels where resistance from the 
bed and other obstacles equal the current 
acquired from the declivity; so that the 
waters would stagnate were it not for the 
impulse of badL water 

Second. — Rivers in low flat countries, full of 
turns and windings, and of a very slow 
current, subject to frequent and lasting 
inundations 

Thurd. — Artificial canals in the Dutch and 
Austrian Netherlands. ^ 

Fourth. — Rivers in most countries that are a 
mean between flat and hiUy, which have 
^ood currents, but are subject to over* 
now ; also the upper parts of rivers in 
flat countries 



Fifth. — ^Rivers in hilly countries, with a strong 
current, and seldom subject to inunda- 
tions ; also all rivers near their sources 
have Uiis declivity and velocity, and often 
much more 

Sixth. — Rivers in mountainous countries, 
having a rapid current and straight 
course, and very rarely overflowing 

Seventh. — Rivers in their descent from among 
mountains down into the plains below, 
in which plains they run torrent- wise ... 

Eighth. — ^Absolute torrents among mountains 



Velocity 

in Feet 

per minute. 



50 to I20 



60 



80 to 40 



90 



130 



180 



300 
480 



Inclination. 

Inches 

per Mile. 



2.00to5-28 

ia.i8 
2.00 to 9*05 

19.8 

31.68 
37.27 



The following is a Tablb of the Size, Yelogitt, and Fall of several 
Important Rivers. 

It is compiled from Mr. Rennie's Reports en Hydraulics; the English Rivers from 
the Authors Motes : those marlLed (a) from a paper by Mr. David Stevenson. G.E., 
Edinbnigh : the Nile is from some late remarks made at the Inatitntion 91 Civil 
Englneen, ny Robert Stephenson, Esq., M.P. 
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NAME, DESCRIPTION, AMD SECTION 
OF RIVER. 



Surface velocity, 
Feet ^ Min. 



Fall per Mile. 
Inches. 



Dee, lower part above Chester ,.(a) 

Lune „ „ Lancaster..... (a) 

Forth „ near Stirling (a) 

Thames average — Oxford to Teddington, in- 
cluding weirs 

„ Hampton Court 160x6 

„ Below Staines Bridge i6oX7 

„ „ „ more water, 160XS 
„ Hurley (deep section) 1 66 X 1 1 

Severn, Worcester to Gloucester. ......150X »6 

„ Gloucester to Longney 10 mUes. 

„ Longney to Framilode 2 „ 

,. Framilode to Hock Crib ...14 „ 
„ Hock Crib to Sharpness Ft. 24 „ 
M Sharpness to Old Passage ...15 „ 
„ Old Passage to King's Boad 8 „ 

Shannon, Limerick to Lough Allen 

Kene, above Peterborough, below weirs .^.(6) 
„ Northampton to Wansford average 
„ Wansford to Peterborough, average 

„ Peterborough to Guyhim 44 X 5 • 5 

„ New Cut at Cross Keys Wash 

Eau Brink Cut, in Norfolk 

Drains, in Lincolnshire 

New River — 18X4.4 (faU including sluices) 
r, „ (fall of surface).... ....« 

Seine, at Paris (mean depth 3*6 feet) 

M Paris to Havre, mean 

Loire, between Pouilly and Briare 

», „ Briare and Orleans 

Rhone, from Besancon to the Mediterranean 

Lys and Scheldt 

Canals in Flanders 

Po 



Rhine, between SchafThausen and Strasbnrg 
„ n Strasburg& Schenckenschantz 

Canal of Pius 6th--0rdinary state: Ist length 

2nd length 

„ f, Flood time; 1st length... 

2nd length... 

UflTente 

Amazon 

Ganges (valley 9 ins. per mile), dry season... 
„ rate of inundation, at Rajmahal (e) 

Neva, at St. Petersburgh 900X 63 



176 
143 

101 

40 to 50 

190 



50 to 70 

"is' 



50 to 60 



»75 



264 
44 
«5<5 



I! 

>3 

21 

below weir 

3-73 

I 50 

between weirs 

5- 

9- 

8. 

5- 
12. 
nearly level 
12 
5to 12 
3 8. 7 valley 
2 1. 8 valley 

2.0 

4-9 

5.0 

5-0 

5.0 

».5 
9 to 12.67 
12.4 

8.4 

4.6 
24.18 

9-5 

6.33 

6. 
48. 
14. 
17.23 

4.31 
16.47 

5-76 
3.1 to 6.0 
2.34 
4. 

1.7 



(6) (b) The fall in this river is to a great extent abiiorbed hj mills ; water snr&oe is 

from 3 to 12 inches per mile ; the river fk)ods exoessivelj. 
(c) The fall of the Bhaugimttee, between Ri^mahal and the Mircapore Creek of the 

Hoogly Is 8^3 inches per mile-^length 190 miles. 

Fallof the Valley is 4^0 „ „ 129 „ 

The fall of the Nile, when high, is 68 feet from Cairo to the Mediterranean, or 
ahont 6 to 6| inches per mile, with a velocity of 800 ibet per minute ooeasionally. 
When the Nile in low, its fall is 8i inches per mile, or a total of 42 feet between 
the abovepoints, with a velocity of 110 feet per minute. Feet Wide. Feet Deep. 

The section of High Nile at Cairo is about 1100 x 40 

„ Low Nile „ 900 X 14 

The fell firom Cairo to the Barrage, at High Nile, is 4 inches per mile. 
„ „ at Low Nile, is 6 „ „ 
At the Damietta Mouth, High Nile raises the level two feet. 
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CIBGIFLAB AND EOCMSHAFED CULVEETS. 
Tables 4b & 4c, 

Table 4b &^^^ the discharge and velocity for culverts from 8 feet to 
I foot in diameter, as if half full and three-fourths full; showing also the 
area of water-waj at such depths respectively. The data given are 
with inclinations from 2 to 7 feet per mile, which will embrace the usual 
practical range. It is computed by the formula as described for table 4, 
but it does not differ materially from the results obtained from table 5, 
although the method of computation is totally different. 

Table 4c gl^es the same information in every respect as table 46, for 
oval culverts; the vertical and transverse dimensions are given in the first 
column; in table 4b will be found circular culverts of the same sec* 
tional areas while half full and three-fourths full, so that a comparison is 
afforded of the discharge of the circular and oval form. 



PIPES mSTBEE PEESSUBE-Tabled. 

This is a universal table* for the discharge of pipes and culverts from 
one inch to ten feet in diameters from one inch to ten feet; its mode of 
use is explained on the table, the constants merely require to be divided 
by the square root of the rate of fall to give the discharge in cubic feet 
per minute. 

2,356 Xt/d * 
The formula is ? = discharge in cubic feet per minute. 

Where d = diameter of the pipe in feet, h = head in feet, and /= the 
length in feet, and 2,356 is a constant. 

J^ the velocity in jfeet per minute is required for a given fall and dia- 
meter of pipe, divide the discharge (as found by the table) by the area of 
the pipe, expressed in square feet. 

Jff'Ae head is required for a given discharge, length, and diameter of 
pipe, divide the tabular number of the diameter by the discharge, and 
square the quotient; then divide the length by this number, and the result 
will be the head in feet. 

Example. — ^A pipe 2 feet in diameter and 5,000 feet in length, is re- 
quired to carry 300 cubic feet per minute, what should be the head ? 

Tabular number for 2 feet pipe = '|^ = 44*4; then 44-4» = 1,971.3 
and jg^ = 2.54 feet, which is the head required, 

JfiH/e diameter of pipe is required for a given head, length, and dis- 

//Xa* 
charge, then *235 ^ r^^ = diameter in feet, /and h being as before, and 

q being the quantity discharged in cubic feet per second. 
This last is a tedious formula, and the table gives the same result for 

a vast range of discharges, by following the second rule thereon. 

Where culverts are not circular, take the diameter corresponding to a 

circle of the same sectional area, and the result will be very nearly correct, 

* The design of this table is due to Mr. James Leslie, C.E., Edinburgh, who has 
kindly permitted its use. The table is entitled " Pipes Under Pressure," as par- 
ticularly adapted for such use; but it is also applicable to Culverts, &c., of course 
apportioning the amount filled, whether half or three-fourths, aud having due 
reference to the slope not creating too high a velocity and over gorging. 
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PIPES TJNDEB PBESSXTEE— Table 6a, 

Gives, by inspection, the discharge and velocity for pipes from 3 to 
60 inches in diameter, and at rates of fall from 5 to 35 feet per 
mile. The table is computed from the formula of table 5, and will be 
found useful for ready inspection, besides which the knowledge of com- 
parative results is highly desirable when designing works or computing 
their probable effect. 

In using these tables we must repeat a caution given elsewhere, that a 
due feed into a train of pipes, absence of inequality in slopes, of sudden 
bends, &c., are highly necessary to obtain a proper discharge. Under 
proper conditions we are inclined to believe that small pipes will be 
likely to give a less result than the tables, and large pipes a greater result. 

For pipes under pressure, 200 feet per minute is a very good working 
Telocity, giving probably better proportional discharge than greater faU 
and consequent speed is likely to do; a velocity of 150 per minute will 
generally prevent deposit in pipes and sewers. 

The foregoing table will meet cases of pipes and culverts, under simple 
conditions ; but where bends (^see friction of bends) and other complica- 
tions are introduced, calculation becomes extremely difficult. The 
following experiments and facts from practice, are inserted so as to 
throw light upon the loss of head in town supplies, and the effective 
value of pressure through long ranges of street main. 



EXFEBmEHTS OH THE REiaHT AKB DISGHASGE OP JETS, 
By the Soufhwark Water Company, January, 1844. 



Pressure at Battersea 120 feet, and every service pipe or other outlet 
kept shut. Stand Pipes 2^ inches diameter. 



First Ea^periment— in Union Street, between High Street and Gravel 
Lane, Borough, through stand pipes, hose, and jets; there being six stand 
pipes, each 360 feet apart, connected to a 7-inch main 2,400 fb. in length, 
the head being carried on through a 9 „ „ 1,500 „ „ 
»» »» 12 ft n 600 „ „ 

>» »» 15 »t tt 1»650 „ „ 

„ „ 20 „ „ 10,350 „ „ 



Making a total distance of. 16,500 feet from the 

-^— Head at Bat- 
tersea. 

Second Experiment— -m Tooley Street, 9-inch main 4,200 ft. in length, 
the head being carried on through a 15 „ „ 3,000 „ t, 
„ „ 20 „ „ 12,750 „ 



Making a total distance of. 19,950 feet from the 

. Head at Bat- 
tersea. 



Digitized by VjOOQIC 



XIX 



Remarks on tub use of the Tables. 



Standpipet 
used. 



Number. 

I 
z 
3 
4 
5 
6 
I 
I 
I 






Length of 
Hose. 



Feet. 
40 
40 

40 
40 
40 
40 
80 
160 
40 



40 
40 
40 
40 
40 
40 
40 
40 



Diameter 
of Jet. 



Inches, 
i 
i 
i 
i 
i 
i 
i 
i 



Height of 
Jet 



Feet. 

50 
45 
40 

35 
30 
27 

40 



40 
31 
34 
»3 
60 
60 

45 
40 



Discharge 
per Minute. 



Cubic Feet. 
'5-7 



16.6 
i6.o 
42.1 



13.17 
10.90 
11.98 
9-30 
17^15 

14.90 
13-80 



aa are throngh 600 feet of 5-inch main, but fitted on a 4-inch main 
close to the 5-inch main; bb are through 600 feet of 5-inch main and 
600 feet of 4-inch main, both in addition to the 19,950 feet of main 
before described. 



EXPEBIMSHTS OH THE HEIGHT AND DISGHABGE OF 
B7 fhe Preston Water Ck>mpany, March, 1844. 
From 6-inch Main, Pressure llO feet. 
Height. Discharge. 

With 1 jet. . }-in.. . 57 feet. . . . 12.5 cub, ft. per min. by dajr. 



JETS, 



♦» 
ft 
ft 


1 „. 

2 jets 
2 „ 


With 1 jet. 
n I ... 
„ 2 jets 



hy night, 
by day. 
by night. 



64 , 14.4 

„ 56 „ . . . . 12.5 
„ 62 ,,....14.0 

From 6-inch Main, Pressure 46 feet 

Height. Discharge. 

. j-in.. . 24 feet. ... 4.8 cub. ft. per min. by day. 
. „ . . 28 „ . . . . 5.6 „ by night 

„ . . 20 „ . . . . 4.5 „ by day. 

„ ..25 „ .... 4.8 „ by night. 



At Leeds, the author has seen jets thrown 60 to 70 feet high, and with 
great body and force, 40 to 50 feet high in the lower part of the town, 
where the pressure was 180 feet, and services in fiill draught. 

At the West Middlesex Water Worics, from experiments by W. T. 
Clarke, Esq., the friction of the pipes was found to reduce the head of 
water between one-fourth and one-fifth. 

The Grand Junction Water Company's new eugine at Kew, works 
against 205 feet of head, while the gauge on the other side of the stand, 
(indicating the back pressure from London,) gives only 170 feet; showing 
a loss of 35 feet head, by the draught on the great 45-inch main. 

At New York the height of the water is 115 feet above high water; 
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105 feet aboye the lowest, and sixty feet above the highest streets. The 
distance from the distributing resenrcnr is 4 miles, by a direct 36 inch 
main. The city fountains throw from 60 to 70 feet Ugh. At Harlaem 
River Valley, on the line of the aqneduct, a 12" pipe and 6" jet throws 
the water 110 feet high, with 180 feet pressure. 

At Philadelphia the surface of water in the reservoirs is 98 feet above 
high water; 55 feet above the highest, and 93 feet above the lowest points 
in the city. The distance from the reservoir to extreme point of mains 
and pipes (which are always charged), is 6 miles, by a main from 20" to 
22" diameter. The loss of head, by friction in the pipes, is about 25 
feet while the city is drawing. The mains are from 10 to 12 inches in the 
principal streets, and from 4 to 6 inches in the minor ones. 

The water will rise from a hose attached to a fire-plug in the streets 
at the extreme point of delivery, during the night, to the height of about 
45 to 50 feet; during the day, when the consumption of water is very 
great, the pressure is about 25 feet, as above stated. 

Thb following table is from experiments by Mariotte. The first 
and second columns give the relative height of jets and their head; the 
third column gives the discharge by an ajutage .53 inch diameter, and 
the fourth column contuins the diameter which ought to be given to the 
service pipes for an ajutage of .53 inch, relatively to the altitudes in the 
second column. They are computed on the hypothesis that for an ajutage 
of .53 inch in diameter, and an altitude of 16 feet of water in the reser* 
voir, the conduit pipes must be 2.49 inches in diameter, and upon the 
prhiciple that the squares of the diameters of the conduit tubes are as the 
squares of the diameters of the ajutages multiplied by the square roots 
of the altitude of water in the reservoir. These experiments are con* 
siderably at variance with those made in the foregoing tables, in South- 
wark, &c., especially while water is being drawn for other purposes; they 
were probably made under circumstances considerably differing firom the 
ordinary demands of practice. 







Dl8.permin. 


Diain.ofB6r- 


Height of 


Height of 


from ajatage 
.5S-inch 


vioes suited to 


Jet. 


Eeservoir. 


preceding 






diameter. 


column. 


Feet. 


Feet. 


Cubic Feet 


Inches. 


^'11 


5.41 


0.89 


1.87 


10.68 


11.00 


1.25 


2.31 


>5-97 


16.77 


1.55 


a. 49 


ai.30 


22.71 


1.80 


2.76 


26.62 


28.84 


2.03 


2.93 


31.95 


35.14 


2.25 


3.0a 


37.27 


41.62 


2.44 


3.20 


42.60 


48.27 


2.64 


3.29 


47.92 


55. Jl 


Z.80 


3.38 


53.25 


62.12 


3.00 


3.47 


58.57 


69.31 


3.17 


3.56 


63.90 


76.68 


3.33 


3.65 


69.22 


84.22 


3.47 


3.74 


74-55 


91.94 


3.64 


3.83 


79.87 


99.84 


3.78 


3.91 


85.20 


107.91 


3-94 


4.00 


90.52 


116.17 


4.08 


4.09 


95.85 


124.60 


4.22 


4.X8 


101.17 


133.21 


4.39 


4.27 


106.50 


141.99 


4 5S 


4.36 
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FIBE EKGIKE POWEB. 

The best form of London engine has two cylinders of 7 inches dia- 
meter and 8 inches stroke, working levers being 4^ to 1 ; weight 17^ cwt. 
4- 4 cwt. for hose and tools, which is qaitd as heavy as two fast horses can 
manage, for a distance under 6 miles, with five firemen and a driver, 

The rule for determining the size of the jet, is to make its diameter 
one-eighth of an inch for every inch diameter of the cylinder for each 8 
inches of stroke. When it is necessary to throw the water to an anosual 
height or distance, a jet one-seventh less in area is used, with a branch 
about 5 feet long. 

The usual rate of working an engine this size is 40 strokes of each 
cylinder per minute, the engine throwing 14.12 cubic feet per minute, or, 
adding one -third for waste, 6,777 cubic feet required for 6 hours; this 
multiplied by the number of engines used, will give an idea of the quan* 
tity of water required at a fire. When the houses of Parliament were 
burnt down, 522,720 cubic feet of water was supplied, and 23 jets were 
playing at one time. 

With 40 feet of leather hose, and a l-inch jet, the pressure is 30 lbs, on 
the square inch = 6Sfeet head of water; this gives 10.4 lbs. to each man 
to move a distance of 226 feet in one minute. The friction for every addi- 
tional 40 feet of hose increases the labour 2^ per cent.; hence the neces- 
sity of having the engine, and of course the supply of water, close to the 
fire. — (Braidwood, &c. Min. Inst. Civ. Engrs.) 



FKICTIOV OF BEimS— Table 6. 



Description op the Table. 

This table is computed on the formula h = v»X sine* X n X .0003, where 
T is the velocity of water in a pipe or stream, expressed in inches per 
second; or in words; multiply the square of v by the sum of the 
squares of the sine of the angle of bends (of which the resistance is to be 
estimated) and the product by the constant .0003; the result expresses 
the resistance h = the head in inches necessary to overcome the angular 
friction, which varies as the square of the velocity and of the sine of the 
angle of bend with the straight line of direction. When the angle is re- 
versed, or more than 90", the square of the sine of the complementary 
angle -{• 1 must be used. The rule was adopted by Robison, from French 
experiments made upon pipes of small diameter, and he shows its appli- 
cability to rivers, giving an opinion that the measure of resistance is too 
great, as '' in a pipe the diameter is uniform, whereas in a properly formed 
river, the capacity of section should be increased." This, theoretically, is 
true; but, practically, it is certain that both in natural and artificial 
rivers, the effect of bends is invariably to render the bed more or less 
uneven. Under all the considerations, we may, therefore, come safely to 
the conclusion that the friction of bends, even where a drain is kept in 
good order, is at least as high as the amount given in the table. 

The velocity for computation is of course that theoretically due to the 
fall, and the loss by bends must be deducted from the head, the discharge 
being again calculated from the reduced slope. The loss of head, how- 
ever, manifestly varies not only according to the size of the angle, but also 
to the volume to be carried. Applying the principles adopted in the 
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Conner tables, the variable term of resistance will be best expressed bj 
the square root of the hydraalic mean depth in feet, and the loss of head 
should be divided hj this quantity to give the final resistance. Bj this 
form of the equation, when the hydraulic mean depth falls below unity, 
the tabular numbers are increased as the square of such depth. With 
pipes, this quantity being one-fourth of the diameter, the increase of 

. .„ , V* X 8ine» X n X .0003 ^, . ,.« ^. 

resistance h will be = — ^ ^ — ^ This modification m 

the formula is new, and the whole computation is highly theoretical; but 
it sufficiently agrees with ezpeiiments and with obsenration to be worthy 
of note. The principle of the correction is well founded where bends are 
uniform; but when they are made at sharp angles, the experiments of Mr. 
Bennie clearly show that they are out of the reach of calculation. 

Taking the second example at the head of the table, and applying it 
to a dram having 6 feet depth, 18 feet bottom, and 2 to 1 slopes, we 
find by table 4, that with a velocity of 110 feet per minute, such a cut will 
discharge 19.803 cubic feet per minute, and require six inches per mile 
of fall; we have then, for the bends specified, to make a reduction (in 
round numbers) of one inch fall per mile, if they occur in that length; 
but this quantity will have to be divided by 2, which is the square root of 
the hydraulic mean depth of the drain in question. Therefore to deliver 
the same quantity of water, the drain must have 6.5 inches fall in the 
mile; or, vice vertOt if the fall is limited, the eflective slope will be reduced 
to 5.5 inches per mile, and the discharge to 18,915 cubic feet per minute, 
with a mean velocity of 105 feet per minute, instead of 110 feet, as 
originally assumed. 

Bends in the vertical plane are subject to disturbance of the discharge 
from two other causes, which will interfere far more than the dynamical 
efiect of change of direction. The first is the great tendency to collection 
of air at the summit of vertical bends; this evil can only be treated 
mechanically, by air valves, which will free themselves, or can be opened 
at the pleasure of the water officer. The second defect in vertical bends 
is when from local circumstances they occur on a pipe at any given dis- 
tance B, from the fountain head ▲; this point not being sufficiently high 
above b to pass the full quantity of water which could otherwise pnss on 
to a lower point c; under these conditions it vnll be impossible for the 
pipe to discbarge at c the amount due to its diameter, and to the total fall 
from A to c; and neither can the fall be fully available from b to c, 
because there will not be sufficient feed at b. This obviously shews 
that under these circumstances the pipe a b must be larger than 
B c; neglect of such a precaution has frequently produced serious disap- 
pointments; excellent provisions against the evils above stated were made 
by Mr. Jardine of Edinburgh, in the great main, ten miles in length, 
which he constructed twenty-seven years since; the upper three miles 
being flat, is 21 inches in diameter, but the lower portion is only 15 inches 
diameter; the actual discharge at Edinburgh is not greater than would be 
given by a pipe only the smaller diameter, with a uniform faU for the 
entire distance. This main was one of the earliest works in iron on so 
great a scale, and the whole arrangement is a model of its kind; at the 
present price of iron, such a work would not cost more than one-third of 
the amount then disbursed, but the value of this kind of construction may 
be judged from the fact that this main has not cost anything what- 
soever in repairs, and has never ceased delivering water from the day 
it was finished up to this date. 

Other causes will arise to lessen discharge, unless due precautions are 
taken in the form of inlet and outlet of pipes; which will evidently 
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affect the final delivery. The preceding rales and tables will meet all 
ordinary cases of practice, if the work is well laid oat, and care is taken 
to avoid sharp angles and vertical bends, rising near to the level of the 
original head. If the form of nozzles or sluices starting from a reservoir 
is bad, the calculated discharge will be diminished in Etelwein's propor- 
tion of 8 to 6 or 5, however much labour or money be spent on the 
general line of works. 

River Bends are especially liable to banks or shoals, always occurring 
where an alteration of velocity is suddenly caused; these shoals act as 
weirs, in point of fact, forming separate steps in the surface fall, and thus 
rendering a great aggregate slope of less value than a very small slope, 
with uniform bed. The effect therefore of bends, and want of uniformity, 
is of the highest inconvenience in rivers (like the Severn, below 
Gloucester, for instance) where there is a great fluctuation in the quantity 
of water, and a shifting material in the bed of which it is composed. 
The uneven bed of a river is very analogous to the detect from bends in 
the vertical plane, in the case of pipes. 



FKICTION OF BRIDGES AND PIPES -Tables 6a. 

The first table is explained thereon, as giving an approximate idea 
of the rise of water caused by bridges, weirs, &c., at varying velocities ; 
taking the proportions of obstruction from one-tenth to six-tenths of the 
whole section of river. 

The second table is that used by Smeaton, giving the head required 
to drive water at various velocities through 100 feet lineal of pipes; on a 
small scale the table is useful; but our tables 5 and 5a will give a greater 
range of results, and agree more with the modern practice of laying 
mains, and their sizes and material. 



VALXTE OF WATER POWEE -Table 7. 

This table gives the nominal value in horse power for one foot of fall of 
streams, discharging from 5 to 10,000 cubic feet per minute; t. c, the 
weight in pounds of the given number of cubic feet, per minnte, divided 
by the constant 33,000. The effective value of the ordinary applications 
of water is given according to the best authorities. In estimating the 
value of a given quantity and fall of water, the mode of application and 
therefore the commercial effect, will vary considerably; for in low falls 
under-shot or breast-wheels must be used, which are far more wasteful of 
water than over-shot wheels (in proportion to the power developed), 
especially when liable to be loaded with tail-water. The column headed 
*' Turbine ** is computed at 75 per cent, of the nominal power or actual 
weight of water consumed. The "turbine," and some very perfectly 
constructed overshot wheels are said to do this amount of duty. 
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Thb following table of Water- Wheels, as constnicted hj Mr. 
Fairbaim, of Manchester, will afford a aseful practical example of (he 
best applications of Water Power. (Jamieson's Practical Mechanic,) 
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The following table is compiled from a tract by Weale, of experi- 
ments by the late Mr. Bennie, made aboat sixty years since. It was 
kindly pat into the anthor's hands by George Bennie, Esq., F.RS., the 
author of well-known works on hydraulics, which have been highly useful 
in compiling this treatise. The principal value is to show the actual water 
used by the variously-constructed wheels, as the water used appears to 
have been taken with great care. 
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* Hammer 7 Cwt., 106 blows per min., 20" high. t 12.74 lbs. ground per min 
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VALTTE 07 STEAM POWEB.-Table 8, 

Is taken from Weale's edition of Tred^oUd^ and contains a nseful resumi 
of the requirements of a steam engine; as applied in the best way, more 
economical results are now exhibited in the power developed for the coal 
consumed. The table is in fact the old Bonlton and Watt standard, 
and only to be used as such when comparison with other forms of 
nominal horse power are required. 

In Manchester, steam power for manufacturing purposes is charged at 
£25 to £30 per horse power per annum, including the rental of the room. 
About twelve looms are considered equal to a horse power; and, for 
ordinary weaving 45 to 50 shillings per loom is charged, including suffi- 
cient room for receiving goods and making them ready for market. 

For drainage and town supplies, the Cornish engine, working with 
high steam, great expansion and slow combustion, is highly economical; 
70,000,000 lbs. raised 1 foot high with a bushel of coals, or 94 lbs., is an 
effect that can be obtained for long periods with very trifling repairs or 
stoppages. The dut^ of these engines, where employed in pumping 
water in the metropolis, is, for a 90-inch cylinder, about 500 cubic feet 
per minute, against 150 feet head, burning five cwL of coals per hoar. 
See also page 36, for cost of pumping at Liverpool 

At the West Middlesex works, two 70-horse engines drive 390 cubic 
feetper minute into Kensington Reservou:, against 122 feet of head. 

The table is headed with the quantity of water required for feed and 
condensation, per horse power, of condensing steam-engines ; the actual 
quantity of water used will of course depend upon the area of cooling 
pond. 



FBESSTJBE 07 MEECXTRT & WATEB-Table 9, 
WEIGHT & STBENGTH Of PIPES— Table 10, 

Are sufficiently explained therein : in the latter table is g^ven the safe 
bead of water which can be borne by pipes of the several dimensions. 
It will be seen, that in smaller pipes the limit of thinness of metal is not 
streng^th, but the practicability of making a good casting, and its after 
durability. In large pipes, strength of metal 2iould be thrown into the 
ends, especially the upper or socket end. 



FLOOB BISCHABOES-Table U, 

Gives the quantity of water, in cubic feet per minute, which would run 
off the ground, assuming that the several depths of rain, specified at the 
head of each column, were to be discharged in twenty-four hours. The 
first table contains the quantities necessary to be provided for 1 to 100 
acres, in farm drainage and in sewage of towns, where, under favourable 
circumstances, rain will occasionally discharge an enormous amount over 
small areas. For instance, during the thunder-storm of August 1, 1846, 
there fell over a great part of London from three to foar inches of rain 
in R much less time than three hours ; nearly the whole of this must have 
found its way at once into the sewers. 
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The second table contains the discbarge for 1 to 10 square miles, from 
one thirty-second of an inch up to 1 ' inch of rain in twentj-foor hoars. 
In the nameroos cases where an engineer is called upon to discuss the 
amount of water that he may expect over a given area, either for the 
purposes of town supplies, for estimating the scouring effect of floods, or 
fur ascertaining the size required for new drains, or improvement of river- 
channels, this table will giye a kej to the problem to be solved, if used 
with a due experience of the observed quantities which districts have been 
known to produce, as compared with the amount collected in rain gauges. 
It IB, unfortunately, not in our power to collect many of these data, well- 
founded enough to ground a perfect theory, or embracing considerations 
sufficient for generalization ; the application of examples must also be 
taken with due caution, because the quantity running away will vary 
according to the general slope of the country, and the geological nature 
of the rocks of which it is composed. Years of the same actual depth of 
rain in the gauge likewise vary in their stream-producing powers ; one 
season is hot and dry, with heavv thunder showers ; another is moist, 
with rain coming down frequently in small falls, supplying more for 
evaporation and less for streams. 

SSnXATE OF FLOODS. 

In a paper by Mr. Mulvany, one of the Irish Commissioners of Drainage, 
are the following facts as to floods in the Shannon, which we have put 
into form, shewing the fractions of an inch of rain, distributed over very 
Uuge drainage areas : — 

LoQgh Allen is a reservour of . . . 8,852 acres. 

Drainage area being 146 square miles. 

Floods rise freqaently 3 Ins. in 24 hours s .284 inches rain over the whole surftce. 
Less frequentlj 4 ,, „ = .379 „ „ 

And sometimes 6 „ „ « .568 „ ., 

Lough D«rg, above KiUaloe. is 30,313 acres. 

Drainage area of Shannon, above Killaloe, being 3,611 sq. miles. 

„ „ of the immediate basin of L.Derg 960 „ 
This Lough, before the improvements of the Shannon, 

Rose freqaentlj 3 ins. in 24 hours s .148 inches rain over the whole sorftce. 

Less frequently 4 „ „ s .190 ,» „ 

About once in each year 6 » f = .296 ,» ., 

17th November, 1840 12 »inlessthan24hr8=: .600 „ •« 

The register of the rise of this flood in Lough Derg, is as follows : — 

Gauge, ft. in. 
1840, November 13th, to 9 8 

to the 16th, when rain began 9 9 

17th, 10 9 

18th, 11 1 

19th 11 3 

20th, 11 4 

21st, U 4 

22nd, 11 8 

23rd, 11 9 

By Captain Beechey's Admiralty survey, of 1849, it appeared that, 
on the 4th December, the Severn rose 4.60 feet at Newnham, and 7.32 
feet at Diglis ; the particulars of this flood, compared with summer low 
water, are given in the pages devoted to the " Tides of the Severn." 
The discharge of this flood below Gloucester was at the rate of 751,245 
cubic feet per minute, or 193.12 cubic feet per minute per square mile, 
being 00.99 feet or ^ of an inch nearly run ofi* the surface in 24 hours, 
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on the drainage area of 3.890 square miles. The sammer run of this 
river, from Captain Becchey's observations, is given at page 33, at 33,111 
cubic feet per minute, or 8.49 cubic feet per minute per square mile. 

In flat districts of England, without any very high ground, we have 
an experiment, made between the 2l8t and 23rd of May, 1849, on the 
River Nene, at Higham Ferrars. This place is intermediate between 
the water-shed and Peterborough, being distant about twenty-five miles 
from the water-shed all round the west and north sides. 

The drainage area above Higham Bridge is 383 square miles. On the 
20th of May about one inch of steady continuous rain fell, raising the 
stream from its ordinary run of about 5,000 cubic feet per minute, to a 
quantity averaging about 32,000 cubic feet per minute, lasting from the 
evening of the 20th to that of tbe 23rd, when the river, in the course of 
a very short time, relapsed into its usual state. Dividing this quantity 
over the drainage area, we shall find that there flowed off the ground 
about .156 or just three sixteenths of an inch—thus tbe proportion Sowing 
off the ground was about one-sixth of the rain-fall ; m this example it 
must be recollected that the weather was beginning to be warm, and the 
flooding of meadows along the valley would have absorbed at least three 
inches in depth, which would represent about l-16th of an inch more 
of rain having come down into the valley. The floods on the Nene have 
frequently twice, and sometimes three or four times, this volume. 

August 8th, 1846, a storm, giving 1.88 inches in the gauge at Glencorse 
produced for four hours a run of 24,180 cubic feet per minute ; this 
amount from 3,820 acres, would be equal to .437 or nearly 7-l6ths of an 
inch of rain on the surface in this short time ; probably more than this 
came down, as the reservoir had to be filled before the flood passed over 
the weir used for gauging ; this is an indication of the violence of the 
celebrated Lammas flood of this date, which washed down several of the 
bridges on the North British Railway, then recently opened. 

]£• Bateman records an experiment near Bolton, where on a drainage 
area of 5,400 acres, 5 inches was measured in the rain guage, having 
fallen during eight consecutive days previous to the lOth of June (the end 
of May having been very wet) ; the flow of water had passed off entirely 
by the 12th of the month, when a quantity of water was found to have 
fallens=4.625 inches over the drainage area. This flood is exceeded fre- 
quently by twice and three times the volume. 

In table 15a we have given, from the Report on supply of water to 
Manchester, by S. C. Homersham, Esq., C.E., an average of the heavy 
rain of .4 inch and upwards in each twenty-four hours, from observations 
at Manchester and in the range of hills between that place and Sheffield ; 
it appears that these falls are from 40 to 50 per cent, of the total rain- 
gnage returns. He records the following facts : — " At Waterhouse Lock 
on the Macclesfield Canal, on the night of the 8th May, 1847, a depth of 
two inches of rain fell during twelve hours ; and, in the same time, 1*8 
inches fell at Coomb's reservoir. Dr. Dalton remarks, that on the 22nd 
April, 1792, at Kendal, 4.592 inches of rain fell in twenty- four hours. 
It is not an uncommon circumstance for *3 inch of rain to fall in hilly 
districts, in one hour ; this quantity was registered at Coomb's reservoir 
on the 5th April, 1847. In 1844, out of 33 inches which fell at Chapel- 
en-le-Frith, one half was registered in the short space of thirty days." 

In our own notes we find that the heaviest day's rain in each year coin- 
cide at Glencorse and Gilmourton, although they are fifty miles apart on 
the East and West side of Scotland respectively ; comparing other heavy 
days of rain at these places, we have the following examples to shew, (if 
proof be needed) that heavy falls of rain extend very uniformly over 
wide districts. 
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Inchei ofBain in 184^Aagiiat. 1846— Angost. 1847— Deosmber. 

Chiswick 70 — 1S&19 .. 1.28— 4&5 .. .34—18 

Boeton 86 — 19&20 .. .83— 4&5 .. .94— 18&19 

Newcastle 1.53 — i9&2o .. Not known ., 1.70 — 18 

Applogarth, Dumfiies. . None. .. 1.00 — 8 .. 1.37 — 16 

Gilmonrton 50 — 21&Z2 .. z.io — 7&8 ., .59 — 18 

Glencone s.i8 — 19&20 .. 2.72 — 7&8 .. 1.21 — 18&19 

Orknej, Sandwich 38— 1 9&20 . . i .07-9 , 10, & 1 1 Not known. 



FL00B8 or SHALL DI8IBIGT8. 

Mr. Gljnn considers that for draining fen districts more than ten horses 
power per 1,000 acres is seldom required, the water being lifted abont 
ten feet. Two inches per month is abont the maximum rain-fall requiring 
to be discharged ; assuming this quantity to be thrown at a rate of 500 
cubic feet per minute, a ten-horse engine will perform the duty in about 
232 hours. — ( Paper on Steam Drainage of the Fen», ) 

Mr. Roe states that he measured and drained off to one outlet 82 acres 
of meadow land, and made obsenrations on the flow for six months ; the 
greatest amount found to reach the drain firom a fall of half an inch of 
rain in the hour, was three cubic feet per minute per acre at the period of 
greatest flow, which was generallj from three-quarten to one hour after 
the heaviest nm.—{Evid^ee.) 

Mr. Phillips thinks that sewers should be made large enough to carry 
one inch of rain per hour, i,e, 60 cubic feet per minute per acre ; this is 
the calculated quantity which ran in some London sewers in the thunder- 
storm of August Ist, 1846. — {Evidence.) 

The flood levels given in this gentleman*s evidence, generally indicate 
a discharge from thunder-storms of 25 to 35 cubic feet per minute from 
each acre of urban drainage; this is equal to 1.66 and 2.33 inches of rain 
in 4 hours. 



BIVISIOV 07 FLOOD WATERS nOX OBDIirAIKT BISCHABOS. 

While upon the subject of floods it will be interesting to quote the sub* 
stance of a paper by James Leslie, Esq., of Edinburgh, Civil Engi- 
neer, read before the Institution of Civil Engineers in April, 1851, as 
follows : — 

It is frequently a problem to ascertain by guaging the average flow of 
a stream during a part of the year, exclusive of flood- waters; it being 
difficult to assign any fixed time when a stream is and when it is not in 
a proper state for guaging, as it wdold require a knowledge of the very 
fact which it is wished to ascertain ; moreover, persons must be found 
frequently to guage for many months together, without discretion as to 
what should l^ excluded, and sometimes stated intervals are named in 
an Act of Parliament. Mr. Leslie therefore proposes the following 
method : — 

First — The guagings are all to be set down in a table, in the order of 
their quantitiea—the whole number of observations is to be divided into 
four equal parts, whereof the lowest fourth will be held to be extreme 
droughts; and the highest ^oocb ; the average of the middle half is to be 
ascertained, and all above that quantity of the original table is held to be 
flood water. 

A new table is then to be constructed, in which all the guagings not 
exceeding the average of the middle half are put down at their actual 
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qnantity ; bat all that are above the average are pnt down ta equal to 
that average quantity ; the mean of the whole of the new table is to be 
considered as a fair average of the water flowing in the stream, exclusive 
of floods. Mr. Leslie gives a table of a stream thus treated, which varied 
in its run from 1,902 to 59,861 cubic feet per minute. Average of the 
whole was 10,231 cnbie feet per minute ; the average of the middle half 
was 7,234 cubic feet per minute ; and the average quantity, exclusive of 
floods, was 5,830 cubic feet per minute. 

Mr. Leslie also suggests that his plan might be used by dividing the 
guagings into only three equal parts, which gives a rather smaller 
result, but makes no important diflTerence ; the above stream treated in 
this manner gives the average of the middle third 7,085 cubic feet per 
minute ; and the quantity, exclusive of flood water, 5,758 cubic feet per 
minute. An example is also given of a small stream varying from .27 to 
272.4 cubic feet per minute. 

Cnbic feet 
per minnte. 

The entire average was 35.50 

Average of middle half 18.51 

„ „ third 17.90 

Final average, excluding floods by middle half plan 13.65 
„ „ „ by middle third plan 13.40 



FLOW FROM LABOE BISTKICTS.-Table 12. 



Estimate of Anniud Discharge In relatloii to Rainfall. 

The Rain Guage is a most usefal instrument in the hands of an engineer, 
if used with due experience of the effects which its records are known to 
produce in similar districts ; although the results may be occasionally not 
altogether synchronous, yet on examining the broad facts we shall not 
find anything at variance with the general laws which govern the collec- 
tion of vapours and their deposit in rain. Districts may greatly vary in 
their general slope and geological character ; graiiwacke, granite, and the 
volcanic districts gener^ly throw water in great rapidity, and are equally 
littble to great drought in summer time, unless they are capped by moss 
beds, which act as sponges not always the most pure ; some of the newer 
rocks, on the other hand, such as the old and new red sandstones, have 
great power of storing water ; the latter rocks from their flatness, generally 
holding it as indicated by the wells, which are always plentiful in this 
formation ; the former, on the other hand, generally give out the purest 
spring water when occurring on mountain slopes, rising above the plains 
occupied by our numerous coal flelds. 

In the chalk districts this porous material absorbs a great portion of the 
rain that it receives, collecting it in great underground sheets represented 
by the numerously- interlaid flint beds, and pouring out almost rivers at 
places that have no indication of a feeder ; so strongly is this marked, that 
the chalk districts may be jjways identified upon the Ordnance maps by 
the absence of streamlets on its surface, a characteristic likewise of some 
of the mountain limestones and oolites. 

In this latter formation we lately had occasion to examine springs 
which, althoagh most copious, could be scarcely recognised to have any 
area of drainage beyond them ; the rock, having a very flat underlie, was 
fetching water far away from the outcrop, and pouring it out at a point 
not 40 feet below the summit level of the hills wnence it proceeded. 
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These instances are familiar to all who have studied the water hearing 
properties of the hills of Great Britain ; watching the progress of agricul- 
ture and drainage, we find the hill pastures scored in all directions with 
sheep drains, while in agricultural districts thorough draining steadilj 
advances ; all these operations are rapidly contributing to pour out floods 
on the dwellers in the plains, the inhabitants of the rich levels at the 
mouth, or on the lower course of our rivers, who, by this simple but in- 
controvertible order of events, find themselves forced into improvement, 
which the natural resources of their soil had too long delayed. Frequently 
in this state of affairs, the march of improvement has commenced in the 
harbour at the mouth, and tidal volume is sent up vastly higher and sooner 
than known before ; dredging machines are set to work, and bold piers 
or long river walls are constructed j and although the landowner may 
find his outfall better, he also discovers that a concurrent high tide and 
upland flood has topped the walls and robbed his meadows of their 
burthen, or swept down his ripening corn. 

In the estimate of floods, at pages 26-9, we have endeavoured to sketch 
out a few examples, with which the engineer should expect to deal, in 
con8tni<;ting outfalls, or improving lowland rivers. In the following 
table we give a few examples of actual discharge from considerable dis- 
tricts, where the total flow of water has been guaged for the whole year 
round. The Bann Reservoirs, and some of those near Manchester, are 
from Mr. Bateman's paper in the Philoaophical Memoirs of that town. 



TABLE OF ACTTTAI DISCHARGE FROM LARGE DISTRICTS, 

with the amount given per square mile, the amount of water run off in 
depth over the surface, and the storage in reservoirs where existing or 
intended. 



1 

1 


Height 


h 


4l:|i. 


U 


Kegistered 

Kain-fall 

per Annum. 

Reservoir 

Room per 

Square Mile. 




above 


o5» 'IrF"! 


S4b 




Sea. 


V 










ft. ft. 


sqre. 


cube ft. cube ft. 


ins. 


,„. cu.ft.ln 
*"•»• miilna. 


Bann Reservoirs, 1837-8. 


miles. 


pr.mln.pr.min. 


moorland 


400 to £,800 


5.«5 


1092. 6 2ia 2 


48.0 


60.0 ' 38.0 


Greenock, 1827-8, flat moor. 


Sizto 1,000 


7.88 


1416.6 197.7 


41.0 


, Bute (a), 1826, low country. 




7.80 


819.0 105.0 


23.9 


45.4 ... 


: Glencorse Pentland Hills (6) 


754*0 1,600 


6.00 


600.0 100. 


22.3 


V{r,\£.f 


Belmont, 1843, moorland ... 


850 to 1,600 


2.81 


630.4 22^.3 
412.8 1464 


50.7 


„ 1844 „ 


... 


... 


3?. 3 


50.0 


1845 „ 


... 


... 


511. 2 181. 9 


41.2 


55.0 1 ... 


.. 1846 


... 




4". 3, 146.3 


33. » 


49.8! ... 


Rlvlnpfton Pike (c) 1847-8 ... 


1.545 


16.25 


1752.0' 107.8 


24.25 


55.5 , ^9-6 
46.2 31.43 


Turton and Entwistle, 1836 . 


500 to 1,300 


5.18 


576.7. 18 1. 3 


41.0 


1837. 


... 




548-2 17*. J 


39- 


48.2 


Bolton Waterworks, moor... 


800 to 1,600 


.80 


100.2 125.2 


32.7 


... ,25.6 
... 36.5 


Sheffield, since enlarged ... 


... 


1.42 


... 1 ... 




Aahton, 1844 


... 


•59 


407, 65.5 


^SS 


40.0 21.0 



(a) Tills year's rain was about 12 inches less than an average. 

(h) Glencorse discharge is only the amount exclusive of floods; the reservoir supply 
totally failed in the drought of 1843 ; it is now in course of enlargement. The Glencorse 
drainage is generally precipitous. 

(c) Rivington Pike Reservoirs are not yet made. The amount running down fbr 
two years was gauged. The country is moor, paitly flat, and partly precipitoab. 
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In 1846-7 the author conducted an experiment bj accnratelj gauging 
for four months the water, flowing from 3,800 acres, into the Glencorse 
Resenroir, in the Fentland Hills, belonging to the Edinburgh Wattf 
Compwajf as follows : — 

Gabic Feet. Inehes. 

1846, December.— Supply into Reservoir. . 19,762.000=fall of rain 1.43 
„ „ Registered ditto 1.02 

1847, January.— Supply into Reservoir .. 14,524^200= fall of rain 1.05 

n „ Registered ditto .750 

„ February.— Supply into Reservoir . . 18,637, 1 00= fall of rain 1.34 

„ „ Registered ditto 1.56 

„ March.— Supply into Reservoir .. 9,662,520— fall of rain .69 
., ,, Registered ditto 1.02 

The total rain passing into the Reservoir being 4.53 

Ditto registered in rain gauges at level of Reservoir being . . 4.35 

„ „ M on the Hills being .. ..4.71 

Again, in the Bonally district adjoining, but about 500 feet higher than 

Glencorse, we found the mean run of the streams to be 1 12 cubic feet per 

^minute, or equal to a fall of rain over 879 acres of 4.55 inches, the 

registered fall being as before 4.71 inches. 
As a contrast to the foregoing table, we now offer a second : — 



TABLE OF OBDINABT SUMMER DISCHARGE 

of various rivers, streams, and springs as uninfluenced by any immediate 
rain ; with the drainage area, and amount run ofi* the surface represented 
in depth of rain. 



RIVERS. 



Height 
above Sea. 

Valley. Hill. 



bo • 
S 8 £"8 

t|.;l|3i 



So a 

i| 



Thames at Staines— chalk, green- 
sand, Oxford clay, oolites, &c.... 

Severn at Stonebench— Silurian. . 

Trent at its mouth— oolites and 
Oxford clay 

Loddon (Feb., 1850)— greensand 

Nene, at Peterborough — oolites, 
Oxford clay, and lias 

Himram, at Panshanger— chalk... 

Lee at Lee Bridge — chalk 
{Rennie, April, 1796) 

Wandle, below Carshalton— chalk 

Medway, driest seasons {RennU^ 
1787)— clay 

Ditto, ordinary Summer run 
{Rennie, 1787) 

Verulam, at Bushey Hall— chalk 

Gade, at Hunton Bridge— chalk... 

Plym, at Sheepstor— granite ... 

Woodhcad Tunnel— millstone grit 

Glencorse Burn («) 

Crawley Spring— felspar and por- 
phyry — Summer («) 
Winter (?) 

Blacksprings— felspar— Sum. («) 
,. Winter («) 

Bavelaw— sandstone— Summer(e) 

Colziiim „ „ («) 



ft. ft. 

40 to 700 
400 to 2, 600 

100 to 600 
no to 700 

10 to 600 

200 to 500 

30 to 600 
70 to 350 



150 to 500 
150 to 500 
800 to 1,500 

1,000 
750 to 1,600 

556 to 1,600 

1,000 to 1,600 

900 to 1,600 



sqre. cubic ft. 
miles, pr.min 
3,086 40,000 
3.900 33,"i 



cubic ft. 



inches 



3.9»» 

221.8 



pr. min. 
12.98 2.93 
849 1-98 



3,000 



620.0 5,000 
29.2^ 1,500 

570.0 8,880 
41.0 j 1,800 

481.5 2,209 

481.5 2,520 
120.8 1,800 
2,500 
500 

139 
130 

S4 

77 
30 
40 
120 



69.5 
7.6 



1.4a 
4.20 



I3J3 

8.45 
514 



3.01 

1.88 
11.58 



15.58 3-53 
43.9 I 9-93 



4-59 

5*3 
'4-9 
36.Z 

7M 
21.6 

90.0 
128.3 
300.0 
400.0 
84.5 
29.9 



1.04 

2.19 

8.19 
15.10 

4.9 

20.2 
29.0 
70.0 

92U3 

I9jO 

6.87 



inches 

»5.4 
26!6 

24.0 



46.0 

37-4 



(c) 
(c) 
(0 
(0 
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The examples here given have generally been corroborated by oar own 
observations; the rain at the places marked (c) has not been kept, but that 
at Glencorse represents the rain for the lowest point of the district ; the 
rain on the hills is much higher. 

The Biacksprings indicate a drainage from a district far beyond the 
water shed ; they occur at a protrusion of basalt; these springs and others 
marked (e) are from gangings made at different periods, under the pro- 
Tisions of Acts of Parliament, for the protection of parties having water 
privileges. 

The Wandle, Vemlam, and Gade, all flowing out of the chalk towards 
the metropolis, are from Mr. Telford's gangings made in 1833, a period 
which lie terms ** the driest season known for the last half-century ;** but 
there is reason to believe that this was not the time of the minimum 
discharge. 

The table gives the run of the several streams per square mile of drain- 
age area, which is an excellent measure of their productiveness, and we 
have likewise reduced the amount (as supposed to run uniformly during 
the year, irrespective of floods) into the quantity distributed over the 
drainage area, as fed by rain ; for example, the summer run of the Thames 
is eqnal to 12.98 cubic feet per minute for each square mile, and repre- 
sents 2.93 inches of rain falling over its drainage area, while the summer 
run of the Mimram is 51.4 cubic feet per minute for each square mile, 
representing 11.58 inches of rain. 

DISCHARGE OF SEWERS. 

By gangings of various Westminster Sewers, made in the summer of 
1845, Mr. Hawkins reported that the mean summer discharge of the 
Westminster district, urban and suburban, was .277 of a cubic foot per 
minute per acre; the urban only was .876 of a cubic foot per minute per 
acre. 

General Rehaskb. 

In generalizing on the discharge of districts in ordinary and flood time, 
the observer will be well aware, that there are seasons of drought when 
the most certain streams are seriously affected in their water-bearing pro- 
perties ; the table exhibits the very high power of the Pentland Hills, yet 
we have it on record that almost the whole of these sources were dried up 
in the summer of 1843 ; there appear to be, indeed, rare occasions when 
hill'countiy saffers more from drought than lower districts — the lake 
district of Cumberland was similarly affected at about the same time. 

In hotter countries these facts are proverbial; in the great tertiary 
plains of central Spain, which are 1,200 feet and upwards above the sea, 
large rivers shrink into dry gravel beds, while at the same time the sea- 
ward face of the mountains which firinge the Bay of Biscay, are clothed 
with verdure caused by perpetual rains ; this grand escarpment is broken 
up into the wildest and most precipitous glens, where the vapours rolling 
from the sea are caught and poured down with astonishing rapidity and 
volume. The character of this great condensation, as it were, is so 
marked that severe droughts are experienced on the inland side of the 
escarpment (5,000 to 7,000 above the sea) while within a very few miles 
rains are daily pouring down. These effects occur in a similar manner 
along the escarpment of the Bombay peninsula, where the rainfall is from 
80 to 150 inches in the year, while it gradually recedes to 10 or 15 inches 
in the Deccan or dry country ; the same is to be traced on the coast of 
Arracan, and in California on the West Coast of America. The rainfall 
of the Western Highlands is remarkable, likewise that of the Lake dis- 
trict, as shewn by Mr. Millar, of Whitehaven, in his papers published by 
the Royal Society, whence we have drawn for Table 15. 
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SVPFLT OF WELLS. 

We are naturally led into this subject when treating of the quantity of 
water falling over the surface of the ground, for it is evident that the 
supply of wells depends upon the freedom with which rocks will permit 
the passage of water, and on the absence of free discharge at escarpments 
or lower yalleys to which the strata may dip. Faults must of necessity 
drain away the water due to the strata which they intercept, the extent 
depending upon the nature of such faults and the free character of the 
rocks ; as faults are generally numerous, it is evident that the supply 
of wells must vary, according to the accident of position and depth ; but 
this rule is not without exception, for there are many districts where, 
with pervious beds laying in great depth on impervious rocks, water is 
always to he found at the point where it would naturally be deposited by 
gravity. 

Mr. John Dickinson has kept for many years, at King's Langley, an 
ordinary rain gauge, united with one of Dalton's plan, arranged so as to 
catch the rain passing down three feet below the surface through the 
natural soil, which has been filled in after the placing of the gauge in its 
position. The following tables, extracted from Mr. Josiah Parkes's 
Essays, exhibit the mean of eight years of the rain caught in the ordinary 
rain-gauge, with the amount passing through three feet of soil, and its 
proportion of the whole ; the comparisons are highly useful, and if done 
on a more extended scale, they would be valuable additions to science. 





October to Xarch. 


AprU to September. 


Total of eaoh Tear. 


Teab. 


Bain. 


FUtratn. 


IP' Gent 
filtered. 


Rain. 


Fatratn. 


IP" Cent, 
filtered. 


Rain. 


FUtratn. 


VCent. 
filtered. 


A.D. 


Inches. 


Inches. 




Inches, 


Inches. 




Inches. 


Inches. 




1836 


18.80 


•1:1? 


82.7 
60.6 


12.20 


2.10 


"7-3 


31.0 


17.65 


56.9 


Jll? 


n.|o 


9.80 


.10 


I.O 


21.10 


6.95 


32.9 


IX.JX 


8.45 


68.8 


10.81 


.12 


1.2 


23.13 


8.57 


37-0 


1839 


13.87 


12.31 


88.2 


'1% 


2.60 


15.0 


31.28 


14.91 


tli 


1840 


11.76 


8.19 


69.6 


0.00 


0.0 


21.44 


8.19 


1841 


16.84 


14.10 
10.46 


84.2 


15.26 


0.00 


0.0 


32.10 


14.19 
11.76 


44.2 


1842 


I4.*8 


73-» 


12. ij 


1.30 


10.7 


a6.43 


36.0 


1843 


"43 


7. II 


$?.» 


14.04 


•99 


7-1 


26.47 


8.10 


Mean 


"3.95 


10.39 


74.5 


12.67 


0.90 


7." 


26.61 


11.29 


42.4 



The mean of each month for the above eight years, is: — 

Rain, Filtration, Per cent. 

Inches. Inches. FUtered. 

January 1.84 .. 1.30 .. 70.7 

February 1.97 .. 1.54 .. 784 

March 1.61 .. 1.08 .. 66.6 

April 1.45 .. .30 .. 21.0 

May 1.85 .. .11 .. S.S 

June 2.21 .. .04 .. 1.7 

July 2.28 .. .04 .. 1.8 

August 2.42 .. .03 .. 1.4 

September 2.64 .. .37 .. 13.9 

October 2.82 .. 1.40 .. 49.5 

November 3.83 .. 3.26 .. 84.9 

December 1.64 .. 1.80 .. loo.o 

Mr. Parkes remarks, that on the 7th and 8th November, *48 inch rain 
fell ; and on the 9th, *46 passed through to the filter gauge, and by an 
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experiment on inch draining tiles, 24 feet asunder and three feet deep, 
which appear to have carrit-d off aJl in 12 hoars, he concludes that they 
were equal to such a discharge, viz., half-an-inch in 12 hours. 

Referring to our table of the ordinary summer run of streams, and to 
the amount of rain-fall per annum which such run will require, we may 
safely assume that the mean is certainly not more than ten cubic feet per 
minute per square mile, or (Table 12), somewhat more than two inches 
per annum. If we double this quantity for the average of the whole 
year, due to springs and ordinary rain, or say 4 inches, we shall be pro- 
bably tolernbly near the ordinary run of a river, taking summer and 
winter, exclusive of floods, and assuming no very wet or high mountain 
districts. 

Now the average filtration, from April to September, of the above 
eight years, may be taken as nothing for all practical purposes; while, 
from October to March, we have an average of 10.39 inches filtered 
through, out of 13.95 inches total fall. Of this winter portion of 10.39, 
we must allow at least six inches for floods running away at the time of 
rain, and then we have only 4.39 inches left from supply of rivers and 
wells, whicli, assuming our estimate of four inches for that due to 
rivers, leaves only .39 of an inch for wells alone. It is certain that this 
small quantity would give all that we have as yet known of the draft of 
wells in all ordinary cases; for how notorious is it, that ordinary wells 
fail in summer time, and how few wells are there of a never-failing cha- 
racter, unless they have some substantial reason for that quality. 

When we consider the enormous tendency to collect given to an area, 
by the preponderating giavitation from the surrounding strata, pro- 
duced by v^niping at a depth of 100 to 200 or 300 feet below the 
surface, the wonder should be, rather the small produce of wells gene- 
rally, than an argument for the great supply from wells. Considering 
the exertions made to get water at Liverpool by wells, the results 
shewn at page xxxvii are small; and of the larger instances in London, 
given at page xxxvi, some are notoriously influenced by the high tide of 
the Thames. 

Whether wells, if unduly worked, are not another form of taking water 
out of the adjacent rivers or the springs which supply them, is a point 
which is at all events open to question ; and the evidence is certainly 
rather favourable to such a conclusion in chalk districts. In the recent 
case of Dickinson v. The Grand Junction Canal Company, where de- 
fendants sank a well near the summit level of the chalk stream, flowing 
towards the Coin, and pumped thence over the watershed line into the 
canal locking northwards. Lord Langdale referred the matter to Mr. 
Cubitt, President of the Institution of Civil Enpineers, who advised that 
the Canal Company should divide the water pumped, sending half down 
towards the Coin, and the other half northwards. This decision was in 
fact admitting the doctrine ; qualified in some degree by the proximity 
of the well to the watershed line. 

Wells and springs, in character identical* are provisions for the wants 
of humanity, ordained by Providence, so that man shall have water in de- 
tail wherever he may require it, for his daily use; and in order that the 
supply may be pure, the chemist informs us that the carbonic acid in the 
soil constantly purifies the percolating water in the slow passage (filtra- 
tion) downwards; thus returning the liquid pure from the manure and 
other impurities of the upper soil — from the animal and vegetable 
wonders of the microscope, children of light and air, that cannot exist 
below; so that the earth, synonymous with corruption, is also all- 
powerful in the production and support of new life, as described by a 
great apostle before chemistry was known* Wherever immense popula- 
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tions are gathered together, these oonditions are interfered with so as to 
npset the ordinary economy of nature, and give rise to the compUcations 
which the engineer is called upon to adjust 



WELLS IN THE LONDON CLAY AND CHALK. 

The ehief supply to the wells of London is the bed of sand which lies 
on the chalk under the great bed of London and plastic clays ; the nature 
of this bed renders the communication between difibrent Wells undoubted, 
and it is equally certain that all the large wells have constantly to be 
deepened, to ena1>le them to keep up their supply. 

Mr. Clutterbuck, (Mins. Inst. Civ. Engrs.) says, that the permanent 
depression between 1841 and 1848, has l^n 12 feet or 18 inches per 
annum, the progress being thus: — 

Hendon Union Workhouse 6 feet in 8 years. 

Cricklewood 10 „ „ 

Kilbum 20 „ „ 

Zoological Gardens, Regent's Park 19 „ ,, 

Hampstead Boad 10 ,, „ 

Mr. F. Braithwaite gives a table, of which the following is an abstract, 
shewing the effect of pumping from the sand springs under the blue clay 
at Coombe's Brewery, Long Acre: 

DSPTH OF WaTES below GbOUND. 

1B8S. 184L 1844L 1847. 1849. 

January ... 1 13. 6 ... 119.0 ... 131. o ... 133.8 ... 148.6 

March 116.0 ... 111.6 ... 135.6 ... 133. i ... 15Z.6 

June 113.0 ... 124.0 ... 137.0 ... 139.1 ... 158.0 

September.. 118.0 ... iH'3 ... i34-^ ... 14^ -o ... 160.6 

December.. 117. o ... 124.6 ... 135.6 ... 140.0 ... 155.9 

At Greenwich the well ebbs and flows 1 Land springs 2 feet, 
during each tide in the J Sand „ 3 „ 

At Coombe's Brewery, additional borings in the chalk, 100, 200, and 
300 feet deep, gave only 4 cubic feet per minute more water ; the water of 
this well has lowered 60 feet and upwards in 25 years past. 

At Meux's Brewery, 260 feet boring in chalk only gave 1*6 cubic feet 
per minute more water. 

These examples are taken from various discussions in the Minutes of 
the Institution of Civil Engineers, and we must leave the reader to draw 
his own conclusions. From the same sources we give the following 
table of 
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WELLS IK LONDOK AND THE NEIGHBOURHOOD. 



DmOM 
Mow 



Bdow Depth 
T. H. In 



Bosfaej Meadows, Watford .... — . . — 

Hanwell — •• — 

Hampslead Rd., (a) Aag. 1838 . . 183 . . 105 

„ March 1839.. — .. — 

Thifalgar Sanare 400.. — 

Reid's— chalk exposed ) ,600 sq. ft — . . — 

Greenwich Hospital 253 . . 240 

Woolwich 600 . . 590 

Booth's at Brentford . . (^) 415 . • — 

Well at Grayesend, 1837 — .. — 



37 .. — 

100 .. — 

130 
580 



fcet. 


of -applr 
•.ft per 
niante. 


. 


. zoo.o 


— . 


. 20.4 


— . 


. 10.3 


— . . 


. 21. 1 


— . 


. 65.0 


• 


. 3».o 


TOO . 


. — 


— . 


. 160.0 


100 . 


. 13.0 


— . 


. 13.0 



(a) Well, finlsbed in Febmary, 1838. Depth 183 feet; woiiced hy a 20-1)one engine, 
at a cost of £9 t7s. for each S4 hoars. Chrowcost of well» engine aod pumpe, ^ 12,4S2. 
<6) Supply chiefly 6*001 Sand Spring. 



WELLS IN THE NEW RED SANDBTONE. 

In Mr. Stephenson's late Report on the sapplj of Water to Lirerpo^^ 
he comes to the following general conclnsions : — 

That an abundance of water is stored np in the new red sandstone, and 
may be obtained bj sinking shafts and driTing tunnels about the leyel of 
low water. 

That the sandstone is generally rerj pervious, admitting of deep wells 
drawing their supplj from distances exceeding one mile; but its per- 
meabilhj is occasionally interfered with by faults or fissures filled with 
argillaceous matter, sometimes rendering them partiallj or whollj water- 
tight. 

That neither bj nnking, tunnelling or boring, can the jield of an j well 
be very materiallj and permanentlj increased, except so far as the con- 
tributing area maj be thereby enlarged. 

That the contributing area to any given well is limited by the amount 
of friction experienced by the movement of the water through the fissures 
and pores of the sandstone. 

That there is evidence to show, that the tendency of the river water 
inland is slightly preponderating over the pressure of the body of water 
in the sandstone towards the Mersey, the wells being generally sunk 
about 20 feet below low water mark. 

That it might be a fair conclusion under existing circumstances^ that the 
equilibrium would be very nearly adjusted, because the mass of the wells 
draw their supply from the sandstone at a level somewhere between high 
and low water mark, and the column of fresh water from the sandstone 
exerting its natural pressure, prevents any ingress from the fluctuating 
column of tidal water ; but that the uniform pressure of the column of 
fresh water is interfered with by the great extent of pumping from the 
wells ; the efiect of this, in many cases, being to lower the surface line of 
water in the sandstone below the river surface, when a reverse action 
ensues, and the brackish water obtains a slight advantage. 

That the various proposals for obtaining water, by sinking at one point 
in the immediate vicinity of Liverpool, will not produce the stipulated 
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quantity. That experience shews the necessity of deepening the wells in 
Liverpool, from time to time, from the great demand. That there is little 
or no prohabilitj of obtaining permanently more than about 1,000,000 or 
1,200,000 gallons per day, from any one well, and this only when not 
interfered with by other deep wells. 

That the most, if not the only feasible plan for making the water con- 
tained in the sandstone available for the general sapplj of Liverpool, is 
to sink a series of wells scattered over a large area of country lying to 
the East or North-East of the town. 

The Report states that the net cost of working the deep wells at 
Liverpool is as follows: — 



Name of Station. 




Qaantity Baised. 


Total Cost per 

Ann. of Raisinff 

Water. 


Cost per ann. of 

Raising 1,000.000 

Gallons, er 

160,513 c. feet. 


Bootle 

Bash 

Soho 

Hotham Street . 
Water Street .. 

Windsor 

Green Lane . . 


Feet. 
40 
"3 
"3 
110 

156 
aio 

185 


Cubic ft. perMlnnte. 
100.6 
29.1 
51-7 
24-7 
45.8 
71. 1 

112. 2 


£ i. d. 
M45 3 3 
716 3 5 
833 17 I 
603 4 8 
874 7 10 
949 3 
920 2 7 


£ 9. d, 

4 7 8 
7 10 I 
418 9 
7 9 4 

5 16 6 
4 I 6 
2 10 I 



The gross cost of raising 112 cubic feet per minute, or 1,000,000 gal- 
lons per diem at Green Lane, and Windsor Wells, is — 

For current expenses including superintendence . . .. £1,100 
Depreciation upon Engines and Machinery, Engine- 
houses and Cooling-pond, £1 1,200 at 2 per cent. . . 224 

Total per annum. . £1 ,324 

From which Mr. Stephenson estimates each new sta- 
tion, including Mains for delivery into the Distributing 
Reservoir, thus: — 

Current expenses, including superintendence £1,100 

Depreciation upon Engines and Machinery, Engine- ) » .^ 
houses and Cooling-ponds, £12,000 at 2 per Cent. J 

Depreciation of Mains, £8,000 at \ per Cent 20 

Interest on Capital, namely— £30,800 at 4^ per Cent. 1,386 

Compensation to Landowners 250 

Total per annum for distributing 112 cubic feet per) ^g gg- 
minute, exclusive of service pipes } ** ' 

Mr. Stephenson suggests, that if Liverpool is to be supplied with Water 
from Wells, they should be, as above stated, scattered at wide distances 
over the area to the East of the town; he estimates that each new station 
and its mains to the Kensington Reservoirs would cost £28,000, and 
allowing one station for each 1,000,000 gallons supplied, and the same 
quantity for each of the two present stations, (whicn cost, exclusive of 
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capital, £2,648 per annnm) he gives the following comparison of the 
Annual Cost of supplying Liverpool with Water from Wells and from 
Rivington Pike ; — 



To 



Gftl. per dAj. C. ft. per min. 
8,000,000 or 891.4 will Cost per Annum 

9,000,000 „ i,ooz.8 „ „ 

10,000,000 „ 1,114-3 ff 

11,000,000 „ 1,225.7 „ M 

12,000,000 „ 1,337.1 ., ,* 

13,000,000 ^ 1448.6 „ „ 



Oraritatlbn. 
Biviiiffton, In- 
eladlng interest 

on Capital of 



£ 
28,100 
^8,356 
28,612 
28,868 

29,381 



Pnmpiiig. 
Wells, includ- 
ing interest on 
Ci^ital. 



£ 
20,624 
23,620 
26,616 
29,612 
3»,6o8 
35>6o4 



The following ia a retom delivered bj W. C. Mylne, Esc)., to the 
Metropolis Water Committee, on 31st Julj, 1851 : — 

<* Estimate of the difference in the expense of supplying water to the 
New Biver Head, bj means of Gravitation or by Pumping* 

B^ Gravitation, 

Interest, at 5 per cent., on the capital reported 
to Parliament, in 1821, as expended for 
bringing the water from Chadwell and 
Amwell to London, viz., £472,170 £23,600 

Annual expenses on the river 4,600 

£28,200 
By Pumping, 

Interest on capital, and annual expense of 
pumping the same quantity of water from 
the River Lee, at or below Tottenham, into 
theNew Biver £15,500 



£12,70a 



Note, — The New River is capable of bringing 30 per cent, more water, 
without any extra cost. This extra quantity, if pumped from or below 
Tottenham, would add 30 per cent, to the cost of pumping." 

We must observe that the capitalized cost of the New River was an 
estimate only, and that it was laid out originally for a limited quantity ; 
four times the amount of water, if it had been then wanted, could have 
been brought in at no greater original cost of construction. The quan- 
tity of water brought by the New River from the Lee at Hertford, 
according to the returns of the company, is about 1,300 cubic feet per 
minute. 



EXPEITDITITEE OF WATEB.— Table 13, 

Is arranged to show readily the relation of cubic feet per minute with the 
same quantity in gallons, for a minute, day, and year of 365 days. 
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The followiko Table gtyes the value of water per annam, at a 
penny per 1,000 gallons, frpm 1 to 50 cubic feet per minute, and. from 
1,000 to 500,000 gallons per diem ; the year being taken at 313 working 
days. 



Cubic feet 


Gallons 


Value per 


Gallons 


Cubic feet 


Value per 


per 


per 


Annum, at Id. 


per 


Minute. 


Annum, at Id. 


Minute. 


Diem. 


per 1,000 Gals. 


Diem. 


per 1,000 Gals. 






& 8. d. 






£ s. d. 




9,000 
18,000 


II 14 9 


1,000 


O.III 


I 6 I 




Z3 9 6 


z,500 


O.X77 


I 5 ** 




17,000 


35 4 3 
46 19 


5,000 


0.555 


6 10 5 


4 


36,000 


10,000 


I. Ill 


13 10 




45»ooo 


58 13 9 


50,000 


5.555 


65 4 z 


lO 


90,000 


"7 7 6 


100,000 


II. Ill 


130 8 4 


50 


450,000 


586 17 6 


500,000 


55.555 


651 I 8 



WATER SUPPLY AND POPULATION-Table 14, 

Is arranged to give a ready measure of the quantity of water required to 
supply various amounts of population at ditiierent rates of consumption ; 
with these are given the number of square miles of ground required 
according to different sources of supply, with the cubic contents of 
Reservoirs. These data are given to guide, rather than to lay down 
any rule upon the subject ; we have found this form useful in judging of 
the capabilities of districts where there is absence of special data. In 
using this Table the information given at pages xxx. to xxxii. will be 
applicable. 



£Anr TABLES 15 and 15 a. 

As a guide for practical application to the circumstances of any especial 
case, we have constructed from authentic sources these Tables of Rainfall 
at 55 places. 

Table 15 shows the fall of rain averaged over a stated number of 
years, with the maximum and minimum quantity for those periods. Each 
year is formed of three periods of four months each — commencing with 
November, December, January, and February, for the winter division ; 
March, April, May, and June, for the Spring division ; July, August, 
September, October, for the summer division ; each year being made up 
of these periods, instead of the customary twelve months. 

This plan of division is adopted because, for purposes of comparison, 
it gives the seasons in better arrangement than the ordinary division into 
months ; for instance, a wet November and December are not unusually 
followed by a dry January and February, and vice versa. To expect, 
therefore, a small discharge in March because the fall of rain may be 
small in the two preceding months only, would be calculated to lead into 
error. Moreover, the amount of deduction for evaporation, and especially 
absorption, will arrange itself more systematically under these divisions. 

The blanks for Greenwich, in Table 15, should be filled up as follows ; 
the details given by R. W. Mylne, Esq., were received too late for 
insertion Ithereon. 
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IfBTiinum, 1S4L 



Ifflnfimiin^ 1840. 



WllTTBB 8PBIXO 



TOTAI. WtmR 



TOTAL wunrsB 



7. JO 



6.,7 



Zm. 
la 10 



las. 



las. 
9$ 



In*. 
8.1 



In*. 



IBM. 



Ins. 
6.J 



Ins. 
J-7 



Ins. 
6.6 



i6w6 



The arenge of 20 jrean, from 1890 to 1849, was as 

Bpsnro. Bunwat. Avrma. WornoL TDtai^ 

4. IS ins. ... 5. sslns. ... 7.75 ins. ..« 5. 55 ins. -. zj.oQins. 

The maximum of 20 jeara, in 1841 j;. 40 

The minimom „ „ 1832 16. to 

The minimom aTerage of 6 years, viz., the years 18S2-4-7-40-7 ...... 17.48 

The years 18S2, 183^ and 1834, gave onfy 16. i, 10.9, and 17. 8 inches oonsecatilTely^ 
or an average of 18. xo inches. 

The mean from 1820 to 1829 was.... £$.67 

„ „ 1830 „ 1839 IX. Z} 

« „ 1840 „ 1848 ... »j. 96 



follows:— 



Average fbom 1820 to 1849 was ...... 



a J. 9$ 



The following is the Devonport rain-fall for 9^ years, 1840 to 1849» 
taken about 80 feet aboTe high water: — 



[»1841. 



mnimqin, 1846. 



TOTAI. 



SnOCSK AUTDMR 



TOTAI. iWKQ 



TOTAI. 
ISn 



Ins. 
I£.8l 



Ins. 
8.0Z 



Ins. 
10.51 



lu. 



Ins. 
14.91 



1 1. 91 



Ins. 
17- 4J 



44. 47 



IBS. 

II. 4 J 



Ins. 
7.20 



8.50 



27. IJ 



Table 15 a is coostructed from good specimens of the bill and the low 
country of Great Britain. 

Qlencorse is a deep valley in the Bentland Hills, 10 miles from Edin- 
burgh, where obsenrations have been kept by the Water Company since 
1830, at the level of their reservoir or the lowest point of the basin ; the 
hills rise precipitously all round to heights of 1,200 to 1,600 feet aboye 
the sea, and are about twelve miles from the Firth of Forth. 

Gilmourcon is in a valley of flatter character, with hills rising to 1,600 
feet, at two to five miles distance in the south and west direction from the 
gauge — the hills are twenty miles from Glasgow, and the same distance 
from the west coast of Scotland. 

The Boston observations are well known to represent the steady cha- 
racter of weather of the low country of Eastern England. 

In this Table the object has been to show, in juxtaposition, the amount 
of rain falling in quantities so heavy as to affect streams, and the total 
amount given by the rain-gauge during each month. The minimum 
quantity, taken as " heavy rain ** falling in each twenty-four hours, is 
.3 inch. The average number of days in the months and years in which 
the rain per diem was this, or above, is also given in the Table. 

It will be at once seen, by those familiar with the subject, that this 
mode of arrangement indicates an amount probably available for streams, 
not at all unlike the result of experiments. 
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GENERAL REMARKS ON RAIN, AND LOS& BY 
EVAPORATION. 

In using the terra evaporation, as applied to this great process which is 
always at work in nature, the engineer has only to deal with the resultant 
facts ; it is quite clear that the amount actually passing off the ground in 
the state of vapour may even exceed that shown by the rain-gauge. As 
an instance, we have drawn np the following statement of evaporation 
from surface of water in a shallow veseel, as compared with the amount 
of rain received in an adjacent gauge. The observations were made by 
Mr. Luke Howard, at Plaistow, and are averaged from 1812 to 1815 :— 

Jan. Feb. Uar. Apr. May. Jane. July. Aug. Sept. Oct. Nov. Dec. 

Ina. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ini. 

RAiir....i.9i ji.oo 1.46 Z.48 1.71 X.14 2.19 0.98 X.85 1.05 1.75 1.60 

EvAP i.zo 1.63 1.4Z a.47 Z.67 Z.85 Z.99 a.X5 1.33 •49 '44 '39 

AVUAGB aAIN. SVAP. 

Inches. inches. 

On adopting the former division of foor months, 

we have for the WiNTsa Pekiod 7.28 3.66 

„ SpaiNo , 7.79 10.41 

„ SuMMsa », 8.08 70.6 

Total Average for the Years being 23.15 ai.13 



The experiments of Bishop Watson on evaporation went to shew that, 
during the time of bright hot sun, when there had been no rain for a 
month, the evaporation from grass was at the rate of *035 inch in 12 hrs. 
Another experiment one day after a thunder-storm „ '087 „ „ 

Looking at these results, we must come to the conclusion that the 
supply which is given from above for evaporation, &c., must be far beyond 
the susceptibility of any ordinary rain-gauge, and cannot therefore shew 
the amount of liquid, in all forms, which is deposited by night and day 
during the year. When therefore, we speak of a certain proportion of 
the amount recorded by the rain-gauge being lost, and the remaining 
passing off the ground, we state the result of experiments; without at all 
questioning that there must be a far greater quantity evaporated to be 
again supplied by dew and vegetable absorption. Unless there are these 
sources of supply, beyond the indication of the rain-gauge, it would be 
impossible to account for tha enormous evaporation produced each da^, 
for long succession, in tropical countries, where dew has the effect of ram 
in early morning, and the year passes round with only a few thunder- 
showers, as in Egypt and part of the West Coast of America. 

The author of the article Physical Geography, in the work of the 
Society of Useful Knowledge, has the following remarks upon this subject: 

" Other things being equal, evaporation is the more abundant, the 
greater the warmth of the air above that of the evaporating body, and least 
of all when their temperature is the same. Neither does much take place 
whenever the atmosphere is more than fifteen degrees colder than the 
surface upon which it acts. Winds powerfully promote evaporation, 
because they bring the air into continual, as well as into closer and more 
violent contact with the surface acted upon ; and also, in the case of 
liquids, increase, by the agitation which they occasion, the number of 
points of contact between the atmosphere and the liquid* 



c 5 
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''In the temperate zone, with a mean temperature of 52^ degrees, the 
annual evaporation has. been found to be between 36 and 37 inches. At 
Cumana, on the coast of South America (N. hit. 10^), with a mean 
temperature of 81.86 degrees^ it was ascertained to be more than 100 
inches in the course of the jear; at Guadaloupe, in the West Indies, it 
has been observed to amount to 97 inches. The degree of eyaporation 
very much depends upon the difference (greater or less) between the 
qnantitj of vapour which the surrounding air is able to contain, token 
saturated^ and the quantity which it actually contains. M. Humboldt, 
from observations made in the passage across the Atlantic, found that in 
the torrid zone, the quantity of vapour contained in the air, is much nearer 
to the point of saturation than in the temperate zone. The evaporation 
within the tropics and in hot weather, is in temperate zones, on this account, 
less than might have been supposed from the increase of the temperature. 

<* The average yearly quantity of rain is greatest within the tropics ; and 
it seems, in general, to diminish, the liirther we recede from the equator. 
In the torrid zone it amounts, at a medium, to 100 or IIQ inches; while 
in the north temperate zone, it cannot be stated at more than 30 or 35 
inches. These quantities are very differently distributed throughout the 
^ear in the two zones: the number of rainy days towards the equator 
IS, in the mnjority of places, less than in the higher latitudes, and the rain 
consequently descends there in the most violent torrents: at Bombay, 16 
inches have been collected in a guage in the space of twenty-four hours. 
In general, much more rain faUs in mountainous countries than in plains, 
and in countries covered with extensive forests than in those where wood 
is less abundant. Annexed, is a table of the annual quantities which 
have been observed at several places. 



Mean annual 
foil of rain. 



Places. Latitude. 

Island of St. Domingo 19<> N. 120 inches. 

Ditto Grenada 12 112 „ 

j Calcutta 12i 70 to 75 

{ Rome 42 36 „ 

Paris 49 21 

London 51^ 23 or 24 

Liverpool . . : 63j 34 „ 

Kendal, Westmoreland 54^ 60 „ 

St. Fetersbnrgh 60 16 „ 

Upsal 60 26 ^ 

"The average annual fall of rain at Bombay in the ten years 1817 to 
1826, was 78.1 inches; of those years, the most rainy was in 1822, in 
the course of which nearly 113 inches fell: whereas in 1824, a season of 
extreme drought and famine, the supply did not much exceed 34 inches. 
At Arracan, in 1825, nearly 60 inches were registered in the month of 
July, and above 43 in August; from which we may conclude that the 
whole quantity within the year was at least 150 inches.*' 

The following is a Table of the mean temperature of different lati* 
tudes, which will be useful in indicating the temperature of spring and 
other water, under ground. 
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MEAJr TEUPERATUBE AT DIFFESEITT LATITUDES. 



Stations. 



Equator 

Columbo 

Ghandeniagore, 

Cairo 

Funchal 

Jtome 

Montpelier .... 

Boordeaux 

Milan 

Nantes 

Paria 

Brussels 



Lat. 



D. M. 

o. o 
6.5s 

2Z. 5Z 

41.54 
4J 36 
44.50 
45. z8 

47- n 
48.50 
50.50 



Temp. 



Fah. 
81.50 
80.90 
75.10 
70.56 
68. 6z 
60.66 
59.01 

57. 8z 

58. z8 
55.15 
53.65 
51-47 



Stations. 



London 

Dublin 

Kendal 

New Malton 
Copenhagen 
Edinburgh 
Carlscrona... 
Stockholm ... 

Upsal 

Abo ..., 

Umeo 

Uleo 



Lat 



D. M. 

51.30 
53. zi 

54.17 
54.10 
55. 4« 

Itll 

59.10 

59.51 
60. Z7 
63.50 
65.30 



Temp. 



Fah. 

48.65 
47.58 
47.53 
45.95 
45.64 
45.46 

4«.57 
40.94 
40. z8 
35.96 
34.38 



(See Article Mountain Barometer for further Tables of mean temperature.) 



COMPARATIVE VELOCITIES, GBADIEirrS, AND 
MEASTTRES-Tables 16, 17 and 18, 

Are arranged for ordinary reference, as explained thereon. Table 18 has 
also the angle of various rates of slope, and the ditference of length 
between the base and slope measores of each. 



TJSEFTJL WEIGHTS AND MEASVEES. 
Tables 19 and 19a, 

Contain a table showing the decimal proportions of a foot or unity, in 
reference to a duodecimal division or inches; likewise the decimals which 
represent the ordinary fractions of an inch (or any other measure) from 
one-sixteenth to fifteen -sixteenths; thus, four inches and eleven-sixteenths, 
or 4.6875 inches, is .390 of a foot. These conversions are useful in com- 
putations of all kinds. The table has several useful numbers, and the 
multipliers for converting the principal foreign measures into English. 

Table 19a contains areas of segments of a circle, and lengths of their 
arcs ; height of apparent above true level, for rotundity of the earth ; 
square yards in decimals of an acre ; and the number of bricks taken in 
a given amount of work. 



WEIGHT AND STBENGTH OF MATEBIALS- 
Tables 20 and 21, 

Require no explanation beyond what will be found thereon. These Tables 
have been collated from the best authorities, but rocks and earths, &c., 
will necessarily be found somewhat variable. 
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8TJ8FEV8I0V BBIDG£S.-~Table 22, 

GWes the chief principles involved in catenary carves, and can be thos 
applied in all cases where the strength is required for saspended chains 
of any kind. 

The strain in lbs. a rope will bear safelj = girt * X 200 
Do. cable „ = girt • X 120 

Otain Cable, — Take the safe strain at about 8 tons per square inch of 
the iron of which it is made — t. e. four tons for each side of the link. 

Of good chain, the proof weight should be 10 tons per square inch of 
each side of the link. 

Thb followino is a Tablb of the size and strength of Newall's 
wire rope. 



HampBope. 


Wire Bope of Eqniyalent Strengtiu 


Circttm- 
ftoence. 


Weight per 
Fathom. 


Cfream- 
ference. 


^^^^ 


Breaking 
Strain. 


Working 
Load. 


Ins. 


TbtL 


Ins. 


lbs. 


Tons. 


Cwt 


»} 


I 


I 




% 


6 


)} 


4 


«t 




4 


12 


4j 


5 


>1 




6 


18 


Si 


7 


=«* 




8 


24 


6 


9 


4 




10 


30 


«i 


lO 


»f 




12 


36 


7 


IZ 


^\ 




H 


4* 


* 7i 


H 


ik 


8 


16 


48 


8 


i6 


3| 


9 


18 


54 


8i 


i8 


3i 


10 


20 


60 


9i 


2Z 


3} 


12 


*4 


It 


10 


a6 


4 


15 


28 


48 


II 


30 


4l 


16 


32 


96 



SOOrS AKD LOCK OATES.-Table 22a, 

Contains the tension of the tie* bar of roofs or trusses, at several angles; 
giving the proportion of tension when the weight is unity. Also, the 
strain on three feet depth of surface of a lock gate in tons, and the size of 
oak timber necessary to bear three times the strain at different lengths of 
gate. This is from a paper by P. W. Barlow, Esq., C.E., in the first 
volume of the Transactions of the Institution of Civil Engineers, The 
strain is taken for gates placed at an angle of 19''.25' with the square, 
which he shows to be the angle of greatest strength, taking all thrusts 
into consideration. 
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CAST mOF BEAHS-TaUe 23, 

Gives the safe load to be boine by beams baying the specified dimension 
of bottom flange. This is constmcted on Professor Hodgkinson's rale. 

1. Multiply the area of the bottom flange bj the depth of the beam, 
and divide the product by the length between supports (all in inches); 
the quotient multiplied bj 514 will give the breaking weight at the centre.* 

2. When a beam is uniformly loaded and supported at both ends, it 
will bear double the first result. 

3. When a beam is fixed at one end and uniformly loaded, it will bear 
the same as the first result. 

4. When a beam is fixed at one end and loaded at the other, it will bear 
only half the first result. 

In the tables we have taken the safe load at one third of the breaking 
weight; but for railway girders it should not exceed one sixth, or' half the 
tabular numbers. For safe deflection, a rough rule is— allow one fortieth 
of an inch for each foot of span. 

In ordinary wrought iron beams, we have found that the first rule is 
very fairly applicable, using a constant of 1,500 for the breaking weight. 
In general use, a beam of wrought iron should not be strained beyond 
one-third of its ultimate strengtii, but it has the advantage of being aUe 
to bear on an emergency two-thirds, without any serious damage; whereas 
this would be imminent risk with cast iron, especially with moving weight; 
hence the superiority of wrought iron, for floors where motion is likely to 
be freely communicated. 

In long cast-iron beams, a proportion of six area of bottom flange to 
one area of the top flange will not give sufficient stiffness to the latter; 
with a wide bottom flange it is also necessary to have angle stays to secure 
it to the central web, and to insure continuity of strain through the ver- 
tical direction. 

The depth of a beam may decrease at any point towards the extre- 
mities in the proportion of the multiples of the segments of its length; 
thus, if a beam is 12 inches deep at the middle, and it is twenty feet in 
length, then at five feet from each bearing, the depth should be as 10 X 
10:15X5::12:9 inches = required depth; but surplus strength and 
a thorough bed at the point of support are indispensable for security. 



MABINE SUBVETINO.— Table 24, 

Contains various Tables useful for the nautical branch of the profession, 
especially in the use, for engineering purposes, of charts, which are gene- 
rally constructed on astronomical measurement. The tide table is for 
computing rise or fall by time from high or low water; the surveyor on 
the British coast will find the Admiralty Tide Tables to be his best guide; 
their usefulness is being extended every year. The Tide Tables at the 
end of this volume give similar information for 1852-3-4, with the basis 
for calculating any other year by the use of the nautical almanac; the 
tables will thus be found useful in examining and comparing observations 
in past years, when occasion may require a comparison. 

* This rule Is Bomewhat empirical, bat it has the advantage of being below the mark. 



Digitized by VjOOQIC 



BSMAAKt ON THK USB OF TBI TaBLB9. 



Thb voLLOWuro Table gives the variation of the compass for dif- 
ferent latitudes and longitudes, for which we are indebted to Baper's 
Tables, 



APFSOXIMATE YASIATIOH 07 THB COMPASS. 



Ut 


W. 


Longitude— East 


Deg. 


10 





10 


20 


30 


40 ' 50 


60 


70 


80 


90 


100 


110 




w. 


w. 


w. 


w. 


w. 


w. 1 w. 


»• 


s. 


B. 


B. 


B. 


E. 


35 


zz 


ly 


17 


14 


10 


7 1 3 




5 


5 


4 


3 




3« 


Z2 


20 


18 


15 


10 


7 1 » 




5 


6 


4 


3 




40 


23 


21 


18 


14 


10 


7 1 ^ 


' 


5 


6 


5 


3 




4* 


'4 


21 


18 


'4 


8 


7 I 




5 


6 


5 


3 




44 


25 


21 


19 


H 


8 


6 1 




5 


6 


5 


3 




46 


26 


22 


19 


^3 


8 




IB 




5 


7 


5 


3 




48 


i7 


22 


19 


13 


8 




» 




5 


7 


5 


3 




50 


27 


^3 


20 


12 


8 




I 


4, 


6 


7 


6 


3 




5» 


28 


24 


20 


12 


8 




2 




6 


7 


6 


3 




54 


*9 


H 


20 


12 


8 




2 


5 


6 


8 


7 


4 




56 


30 


H 


20 


'3 


8 




2 




7 


8 


7 


4 




58 


3» 


^5 


20 


13 


8 




2 


5 


7 


8 


7 


4 




60 


3* 


26 


19 


13 


8 




3 


5 


8 


3 


8 


5 




62 


34 


27 


19 


M 


8 




2 


5 


8 


9 


8 


5 





MOUVTAnr BAEOMETEB.-Table 25. 

This is a yerj nsefal instrament, when properly managed, for sur- 
veys and other geodesic operations, which occasionally have to be made in 
districts, where even the level and theodolite is useless, until some idea of 
the line of country is sketched out. In finding the relative summit levels 
of different gaps or passes in a mountainous country, we have used it 
with great advantage over ground which, in fact, was inaccessible to 
ordinary instruments, which must be used step by step. 

For finding the height in feet, subtract the logarithm of the upper 
station from that of the lower; multiply by six, and remove the decimal 
point foar places to the right; the result is the elevation in English feet, 
generally sufficiently accurate for all purposes to which a mountain baro- 
meter should be applied. If perfect accuracy be required in a fixed 
instrument, we have to correct the mercurial column, when the scale is of 
brass, by deducting the fraction, opposite the temperature (in degrees 
Fahrenheit) of the instrument, from the observations. 

First, for the Mountain Barometer, we have the correction in Table b, 
deducting, if upper station be coldest, the amount opposite the difference 
of temperature of the attached thermometers in degrees centigrade; or 
<Ming the amount if the upper station be the warmest. 

Secondly, for the expansion of the air take the first correction and shifb 
its decimal point three places to the left, and multiply it by twice the sum 
of the detached thermometer expressed in degrees centigrade; the 
product to be deducted or added as before. 
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Thirdlj^, for gravity the correction is to be added, as taken from Table 
C, according to the latitude and approximate height. 

When an instrument having a cistern is nsed, we have the correction 
for capillarity in Table F, to be added to each observation before calcula- 
tion; when a sjphon barometer is used, we have no necessity for this 
correction. 

Lastly, if fine and scientific observations are required, and accuracy is 
aimed at in hot weather and tropical countries, the observer should 
always have a portable dry and wet bulb thermometer; by this the 
original observations can be reduced to what they would be if the air at 
each station were perfectly dry. This is done by the rule in Table E, 
whence being obtamed the temperature of the dew point, we can obtain 
the fraction to be deducted from the observation by Table D. 

Example— Station A reads by Barometer 30.453 := 1.482950 
„ B „ „ 29.341 = 1.466928 



.016022 



Then .01602 X 6 = .09612 and shifting the decimal point four places 
to the right the height of B above A is given = 961.2 feet. 

But we will suppose that the temperature of the instrument at A is 27 cent^ 
»i » »» » B is 13 H 

dlfiierence = 14 deg. 

The temperature of the air being at A 25 „ 

14 „ 

The correction in Table B for 14 degrees is 67.58; for the expansion 
of air, by the rule we have .06758 to be multiplied by the double sum of 
the detached thermometers, or .06758 X 78 = 5.27 feet. 

alt. correction z=. 67.58 „ 

72.75 „ 

less 961.20 „ 

and adding for gravity... 2.80 „ 



corrected height 89 1.25 feet 

If corrections for the aqueous vapour should be required, we will assume 
that at station A the dry bulb is 77 Fab. 

wet bulb is 68 =diff.9 deg. X 1.7=15.3— 77=61.7 
degrees for the dew point. 

at station B the dry bulb is 57 

wet bulb is 53=diff'.4 deg. X 1.9 = 7.6 — 57 = 49.4 
degrees for the dew point. 
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The eorrection then for these obserratioiis is thns:— 

Station A Bar. raads 30.453 

Lew elastic force for 61.7 from Table D .551 



29.902 



Station B Bar. reads 29.341 

force for 49.4 from Table D 36 1 

28.980 



We hare then the tme barometric heights which ) 29.902 for Station A. 
may be treated as giren in the example $ 28.980 for Station B. 



PRACTICAL REMARKS. 

There are manj Tarieties of mountain barometers; there is the standard 
one which is only fit for observations at a fixed station, because the setting 
of a large floating surface of mercury to an index, renders the obser- 
vations liable to index error. The closed-cistern barometer, commonly 
called Englefield's, has the disadvantage of requiring a correction for the 
filling of the cistern, and we have also found these instruments sluggish 
in their action. The lightest and most philosophical instrument is Gaj 
Lossac's; it requires no correction for capillary attraction, and having 
only to be read by the difference of the two legs of the syphon, there is aa 
equal chance of index error in both readings. 

A great superiority of this instrument is, that a magazine can always 
be carried, containing a number of spare tubes; and on a breaka^ a new 
one can be put into the frame, and the instrument rendered again fit for 
use in a fe^v minutes. 

The Mountain Barometer is always an*anged to read to 1,000th part of 
an inch, but we have generally found that two successive readings cannot 
be taken nearer than the third part of this quantity; excepting perhaps 
in the Gay Lussac, which can be inverted and read frequently, and not 
varv more than .002 in the result. No one travelling now should be 
without an aneroid or manometer, which are very susceptible, and far less 
liable to fracture or disturbance by motion. 



XEAH SEABUraS 07 TflS BABOMEIEB. 

As eompated from Greenwich Observations, by James Glaisher, F.R.3. 

Four times daily the reading of the barometer is at its mean value; 
these times in the several mouths are as follows: — 







h.m. 


[n January.... 


.at midnight .. 


. at8 Oi 


„ February . 


. „ midnight .. 


.,,82 


„ March .... 


. „ midnight .. 


. „ 786 


„ April 


. ,, Ih. Om. a.m... 


. „ 640 


„ May 


.,,10 „ .. 


. ,, 8 20 


n June 


. „ midnight .. 


. „ 4 20 


„July 


. ,, Ih. Om. a.m... 


. „ 625 


„ August 


.,. 1 „ .. 


.,"70 


„ September 


.,, 1 „ .. 


. „ 7 80 


„ October.... 


. „ 26 „ ,. 


. „ 750 


„ November.. 


. , 1 40 , .. 


. ,; 8 20 


>, December. 


..,0 40 „ .. 


. „ 740 



h.m. 




h.m. 


40 p.m. . 


.. and at 6 pan. 


140 „ . 




6 20 „ 


160 „ . 


•• H 


6 „ 


140 „ . 




7 20 „ 


1 „ , 




8 „ 


140 „ . 




920 „ 


140 „ . 




8 45 „ 


110 „ . 


• 11 


7 85 „ 


1 „ . 




7 ., 


1 10 „ . 




6 „ 


11 40 a.m. . 




6 46 „ 


45 p.m. . 


•• „ 


6 6 
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That mean reading takes place with the greatest degree of steadiness 
which occurs hetween mid-day and 2 p.m.; the actual time varies how- 
ever with the season. 



JOAX BSADnrOS 07 THB ZHEBMOlEErEB. 

Table L, showing the corrections to be applied to the Monthly Mean 
reading of a thermometer (placed four feet above the soil, with its bulb 
freely exposed to the air, but in other respects protected from the infla* 
ence of radiation and rain) at any hour, to deduce the true mean 
temperature of the air for the month from the observations taken at that 
hour. 



Local 
mean 
time. 


,-. 


Feb. 


March. 


April. 


May. 


Joe. 


July. 


Aorut 


Sept. 


October 


Hot. 


Dee. 


Midnt. 


o 
+ 1.0 


+f.6 


+2.9 


+4.8 


ll:5 


+2.X 


+5.0 




+ $.! 


+4.0 


+X.9 


+1.7 


+0.9 


lajn. 


+0.9 


+1.8 


+1.0 


+5.X 


+7.1 


+6.0 


+ 5.5 


+4.5 


+1.0 


+1.8 


+1.0 


% 


+1.* 


+X.O 


+M 


ll:I 


+6.4 


+8.0 


+6.0 


+6!4 
+6.6 


+3.4 

+1.6 


+X.O 


+1.0 


i 


+1.1 
+1.6 


+Z.I 


+3.6 


+6.7 


+8.7 


til 


+6.1 


+X.O 


+1-3 


4 


+*.? 


+1.9 


+6.6 


+6.7 


XVX 


+6.^ 


+ 1.8 


+X.I 


+1.4 


1 


+1.8 


+X.Z 


+4.0 


+6.7 


+6.3 


+6.X 


+6.^ 


+6.X 


+1.8 


+X.O 


+1.4 


+1.9 


+X.3 


+3.9 
+J.6 


+6.0 


+4.8 


+6.4 


+4.5 


t^^ 


+5.1 


+1.? 


+1.9 


+1.4 


I 


+1.9 


+X.I 


+41 


+X.6 


+1.0 


+X.5 


+1-1 


+4.0 


+X.8 


+1.7 


+1.5 


+1.-^ 


+1.6 


+*.5 


+X.0 


+0.5 


0.0 


Q.O 


til 


+X.I 


+1.6 


+ I.C 


+1.1 


9 


+1.0 


+0.7 


+O.X 


—0.9 


— x.o 


-X.5 


— X.0 


-0.4 


0.0 


+O.J 

—0.6 


+0.9 


lO 


+0.1 


-0.5 


-1.9 


—3.x 


-4.0 


-4-5 


—4.0 


—3-5 


-3.0 


—x.o 


0.0 


II 
Noon. 


—1.3 


—3.x 


—5-5 

-J.O 


HJ 


=11 


-5.8 
—7.3 


3-' 


=1:1 


n:: 


-3.8 
-5.1 


—x.o 

—3.1 


—1.3 

-X.I 


ipjn. 


— Z.9 


—3.9 


-5.8 


13.1 


^•5 


-8.1 


-5-7 


~7-5 


-7-> 


-5.5 


-3.5 ;-*.4 


X 


— |.o 


=1.1 


-5.8 


^7-7 


—8.6 


-5-7 


—7-7 


^•x 


-4.9 


-3.6 


— X.3 


I 


—4.5 


-5.5 


=2-.? 


=?:! 


-8.4 


-6.$ 


-7.0 


HI 


—3.0 


-1.9 


4 


—1.9 


— X.8 


— 4-S 


=2:J 


—5.8 


zti 


-5«5 


— X.I 


-1.3 


1 


—I.I 


-1.6 


—3-3 


— J.4 


-4.8 


-4.9 


-4.* 


H? 


— I.X 


—0.8 


—0.6 


—0.6 


—1.8 


—1.5 


-3.0 


-4.5 


-3.? 


-x.o 


HI 


—0.4 


—0.4 


i 


—0.3 


+0.3 
+0.6 


—0.4 


— i.i 


— I.O 


— X.4 


—1.5 


-0.5 


0.0 


+0.1 


—0.1 


+0.1 


+0.9 


+0.7 


+0.9 


0.0 


+0.3 


+1.0 


+ 1.0 


+0.7 


+0.6 


+O.X 


9 


+0.^ 
+0.6 


+ 1.0 


+ 1.7 


+ X.O 


+a.1 


+ 1.8 


+ 1.9 


+».4 


+ 1.8 


+ 1.3 


+1.0 


+0.4 


lO 


+ 1.3 


+ ».3 


+ 3.» 


+3.$ 


+ 3.6 


+ 3.3 


■^-I'l 


+*.7 


+ 1.9 


+1.3 


+0.5 
+0.8 


11 


+0.7 


+ ».5 


+ X.6 


+4.1 


+4.5 


+5.0 


+4.* 


+4.1 


+ 3.4 


+X.4 


+1.5 



The numbers are degrees Fahrenheit, and are to be added or subtracted 
as denoted by the signs. 

To get the mean temperature truly, observations should be taken 
several times in the day, and at such times the algebraical sum of the 
corrections is a minimum. 

Table II., showing the corrections to be applied snbtractively to the 
simple arithmetical mean of the maximum and minimum thermometers, 
to deduce from their readings the true temperature of the air. 



January 


. ... o.z 


July 


. ... 1.9 


February 


. ... 0.4 


August 


. ... 1.7 


March 


. ... I.O 


September .. 


. ... 1.3 


April 

May 


....15 


October 


. ... 1.0 


. ... 1.7 


November .. 


. ... 0.4 


June 


. ... 1.8 


December 


. ... 0.0 



We have thus two easy methods of finding the true mean temperature; 
first, by taking observations several times a day, and applying corrections 
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to their meavs from Table L; and, secondly, by taking the half of the 
■maximam and minimnm readings and correcting it by the nnmbers in 
Table IL 

At all places the form of the diurnal yariation is a single progression, 
haying one ascending branch and one descending branch, the maximam 
occurring early in the aftemoon, and the minimum occurring at about 
sunrise; but the amount of the difTerence of these extremes is yariable, 
depending upon latitude, elevation, locality, and geological formation of 
the country. 

If we compare the mean temperatures of places that differ considerably 
from each other in latitude, we shall find that the mean values are lower 
as we proceed north. 

If we compare the mean temperatures of places having the same lati- 
tude, we shall find that the mean value of those situated at the higher 
level will be less than those at the lower leveL 

If we compare places having the same latitude, we shall find that the 
mean temperatures of those places situated inland will be higher in the 
summer months, and lower in the winter months, than those situated in 
the vicinity of the sea. 

m we compare places difi^ering only in their geological formations, we 
shall find that those places situated upon an arid, dry soil, will have a 
greater range of temperature than those situated upon a clayey, wet soil. 

It is therefore possible that the corrections in Table I. may not be of 
universal application, but as the form of the curve described by the 
daily march is similar at all places, with the exception of being more or 
less bold, the turning points occurring at nearly the same local time, it 
is most probable that the amount of the correction applicable to any hour 
at any place, is the same part of the whole monthly mean daily range at 
that place, as the correction at Greenwich is of the monthly mean daily 
range at Greenwich. — Excerpt Phil Trans. Part I, 1848. 



Tables 26, 27, 27a, 28, 29, and 30, 

Contain the area and circumference of circles; squares, cubes, square 
roots, cube roots, and reciprocals 1 to 100; squares, square roots, and 
cube roots, 101 to 1,100; loganthms of numbers 1 or 100 to 1,000: 
logarithmic sines and cosines, to 90 degrees for each 10 minutes; and 
natural sines, tangents, &;c. &;c. 

These Tables need no explanation here; they are inserted as collateral 
aid, in applying the tables to the various wants of the Engineer, as oat- 
lined in the foregoing pages; any further application of them will be 
obtainable from the ordinary works on the mathematical branches of the 
profession. 



Tables 31, 31a, 31b, and 31c, 

Contain short abstracts for finding the value of Annuities and Leases, 
with the present value of a Reversion in perpetuity,, and the value of 
Annuities according to the Legacy Act; taken firopi In wood's Tables, by 
permission of Mr. Weale, the publisher. 
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Tables 32, 32a, 32b, and 32c, 33, 34, and 35, 

Contain the method of calculating the time and height of tides of all 
the principal British Ports. Complete explanation will be found at pages 
78 and 79. Table 32c, gives the Admiralty form for computing the 
height of the tide, and any period before or after high water, which is 
useful both for computations and for reducing soundings in nautical 
surveys, always recollecting, however, that river tides have different times 
of rise and fall, as will be seen in the tables of tidal rivers. 



OElSrEBAL BEMABES ON TIDAL PHENOMENA. 

We suppose the reader of our notes to be previously well acquainted 
with the chief theories and phenomena of the tides, and if he wishes to 
make himself master of the subject as far as theory can carry him, the 
most elaborate and invaluable treatise on Tides and Waves, by the 
learned Astronomer Royal, will afford all that can be desired of theoret- 
ical computation and practical deduction. We will not therefore attempt 
to follow this treatise in its detail, but, to shew the enormous practical 
effect of depth and freedom of motion in length of waves, we give the 
following Table of the velocity of free or solitary waves. (Treatise on 
Tides and Waves, pp. 291, 292). 



Depth 


Length of Wave in feet. 


of 
Water 


1 


10 


100 


1,000 


10,000 


100,000 


1 ,000,000 


10,000,000 


infoet. 


Corresponding velocity in fbet per second. 


I 

lO 
lOO 

i,ooo 

10,000 

loojooo 


a.x6 

2.26 

z.i6 

Z.26 

2.26 
2.26 


5-14 
7.1S 
7.15 
7- IS 
7-iS 
7-15 


22.62 
22. 6z 
22.62 
22.62 


5.67 
17.92 
5}. 39 
71-54 
71.54 
71-54 


5.67 

B 

168.8J 
226.24 
226.24 


5-67 

17.93 

56.71 

179.21 

533-90 

715.43 


5-67 

'793 
56.71 


5.67 
17.93 
56.71 
179.33 

567.10 
1792. 1 



**Prom which it appears that — 

*• 1st. When the length of wave is not greater than the depth of water 
the velocity depends (sensibly) only on its length, and is proportionate to 
the square root of its length. 

*<2nd. When the length of the wave is not less than one thousand 
times the depth of the water, the velocity of the wave depends (sensibly) 
only on the depth, and is proportionate to the square root of the depth. 
It is in fact the same as the velocity which a free body would acquire by 
falling from rest through a height equal to half the depth of water. 

**3rd. For intermediate proportion of length of wave and depth of 
water, the velocity can only be got by the general equation. 

" TTie wave originally produced by the action of the sun or moon, may 
be called the Free Tide Wave, The semi-diurnal tide wave is of this 
character, and may be taken to have a period of 12 hours 24 minutes; 
now by the foregoing table we see that a wave proceeding 10,000,000 
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feet, will trarel with a Telocity sensibly independent of its length; on this 
principle, therefore, is calcnlaied the following 

TABLE FOB THB SBKI-DIinurAL FBEE TIBE WAVE. 



Depth of 

Water, ia 

feet 


Yeloeity of 

free tide wftT^ 

per second, 

in feet 


Lengtliof 
free tide 

wave, 
in miles. 


Bpaoe 

described by 

fivetidewaya 

per hour, 

in mUes. 


I 


5.67 


47.94 


3.86 


4 


11.34 


95-89 


7.73 


10 


17.93 


151.62 


12.28 


ao 


25.36 


214.42 


17.29 


40 


35.87 


303.24 


24-45 


60 


43.93 


371.38 


29-95 


80 


50.72 


428.88 


34.58 


100 


56.71 


479.46 


38.66 


200 


80.20 


678.05 


54.68 


400 


"3.4» 


958.91 


77.33 


600 


138.91 


1174.4 


94-71 


800 


160.40 


1356.1 


109.36 


1,000 


179.33 


1516.2 


122.27 


2,000 


»53.6i 


2144.2 


172.92 


3,000 


310.62 


2626.1 


211.78 


4,000 


358.67 


3032.4 


244.55 


5,000 


401.00 


3390. a 


273.41 


6,000 


439.^7 


3713.8 


299.50 


7,000 


474-47 


4011.4 


323.50 


8,000 


507. »3 


4288.3 


345.84 


9,000 


538.00 


4548.5 


366.82 


10,000 


567.70 


4794-6 


386.66 


20, coo 


802.00 


6780.5 


546.82 


30,000 


982.25 


8304.4 


669.71 


40,000 


"34a 


9589.1 


773.32 


50,000 


1268. I 


10721. 


864.59 


60,000 


1389. I 


"744. 


947.11 



** The diarnal and other tidal waves, so far as they a^e free, may be 
all considered as travelling with the same velocity, but the column of 
lengths of the wave must be doubled for the diurnal wave.*' 

In addition, however, to the free tide wtwtj which is that originally 
produced by the sun and moon, but not affected by them in the velocity 
of its propagation, we have that which Professor Airy calls the forctd 
tide wave, produced by the immediate action of the sun and moon, with 
its highest or lowest point always at a determinate distance in that place 
(in the supposed canal) at which the disturbing forces vanish. 

The following contains the substance of the general results of the 
inquiries made by the Committee of the British Association, in 1837, in 
a report for which we are indebted to Mr. John Scott Russell, who 
claimed to have discovered the existence of a orbat primabt wayb 
of fluid, differing in its origin, its phenomena, and its laws, from the 
undulatory and oscillatory waves. The report stated — 

** 2. That the velocity of this wave in channels of uniform depth is in- 
dependent of the breadth of the fluid, and equal to the velocity acquired 
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hj a heavj body falling freely br gravity throagh a height equal to half 
the depth of the flaid, reckoned nom the top of the wave to the bottom of 
the channeL 

'* 3. That the velocity of this primary wave ifi not affected by the velocity 
of impulse with which the wave has been originally generated, neither do 
its form or velocity appear to be derived in any way from the form of 
the generating body. 

•*4. This wave has been foand to differ from every other species of wave 
in the motion which is given to the individnid particles of the fluid 
through which the wave is propagated. Bv the transit of the wave the 
particles of the fluid are raised from their places, transferred forwards in 
the direction of the motion of the wave, and permanently deposited at 
rest in a new place at a considerable distance from their original position. 
There is no retrogradation, no oscillation ; the motion is all in the same 
direction, and the extent of the transference is equal throughout the 
whole depth. Hence this wave may be descriptively designated thb 
GRBAT FRiMABT WAYS OF TRANSLATION. The motion of translation 
commences when the anterior surface of the wave is vertically over a 
given series of particles, it increases in velocity until the crest of the wave 
has come to be vertically above them, and from this moment the motion 
of translation is retarded, and the particles are left in a condition of 
perfect rest, at the instant when the posterior surface of the wave has 
terminated its transit through the vertical plane in which they lie. This 
phenomenon has been verified up to depths of five feet. 

••5. That the elementary form of the wave is cycloidal; when the height 
of the wave is small in proportion to its length, the curve is the prolate 
cycloid, and as the height of the wave increases the form approaches that 
of the common cycloid, becoming more and more cusped until at last it 
becomes exactly that of the common cycloid with a cusped summit; and 
if by any means the height be increased beyond this, the curve becomes 
the curtate cycloid, the summit assumes a form of unstable equilibrium, 
the summit totters, and falling over on one side forms a crested wave, or 
breaking surge. 

The report stated 

** That in the rectangular channel the velocity is that of gravity due to 
half the depth. In the sloping or triangular channel the velocity is that 
due to one-third of the greatest depth. In a parabolic channel the velocity 
is that due to three-eighths or three-tenths of the greatest depth, according 
as the channel is convex or concave; and finally that the velocity of the 
great primary wave of translation of a fluid is that due to gravity acting 
through a height equal to the depth of the centre of grarity of the trans- 
verse section of the channel below the surface of the fluid. 

** 7. The height of a wave may be indefinitely increased by propagation 
into a channel which becomes narrower in the form of a wedge, the in- 
creased height being nearly in the inverse ratio of th^ square root of the 
breadth. 

**8. If waves be propagated in a channel whose depth diminishes uni- 
formly, the waves will break when their height above the surface of the 
level fluid becomes equal to the depth at the bottom below the surface. 

** 9. The great waves of translation are reflected from surfaces at right 
angles to the direction of their motion without suffering any change but 
that of direction* 

** 10. The great primary waves of translation cross each other without 
change of any kind, in the same manner as the small oscillations pro- 
duced on the surface of a pool by a falling stone. 

"11. The WAVES OF THE SBA are not of the first order— they belong 
to the second or oaciUatory order of waves — they are partial displacements 
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at the surface, which do not extend to considerable depths, and are there- 
fore totally different in character from the great waves of translation, in 
which the motion of displacement of the particles is uniform to the 
greatest depth. The displacement of the particles of the fluid in the 
waves of the sea is greatest at the surface, and diminishes rapidly. There 
are generally on the surface of the sea, several coexistent classes of oscil- 
lations of varying direction and magnitude, which by their union give 
the surface an appearance of irregularity which does not exist in nature. 

** 12. When waves of the sea approach a shore, or come into shallow 
water, they become waves of translation, and obeying the laws already 
mentioned, always break when the depth of the water is not greater than 
their height above the leveL 

"17. A tidal bore is formed when the water is so shallow at low water 
that the first waves of flood tide move with a velocity so much less than 
that due to the succeeding part of the tidal wave, as to be overtaken by 
the subsequent waves, or wherever the tide rises so rapidly, and the water 
on the shore or in the river is so shallow that the height of the first wave 
of the tide is greater than the depth of the fluid at that place. Hence in 
deep water vessels are safe from the waves of rivers, which injure those 
on the shore. 

** 18. The identity of the tide wave, and of the great wave of translation, 
show the nature of certain variations in the establishment of ports situ- 
ated on tidal rivers. Any change in the depth of the rivers produces a 
corresponding change on the interval between the moon's transit and 
the high water immediately succeeding. It appears from the observations 
in this report, that the mean time of high water has been rendered 37 
minutes earlier than formerly by deepening a portion of about 12 miles 
in the channel of a tidal river, so that a tide wave which formerly 
travelled at the rate of 10 miles an hour, now travels at the rate of nearly 
15 miles an hour. 

"19. It also appears that a large wave or a wave of high water of spring 
tides travels faster than a wave of high water of neap tides, showing that 
there is a variation on the establishment, or on the interval between the 
moon's transit and the succeeding high water, due to the depth of the 
fluid at high water, and which should, of course, enter as an element into 
the calculation of tide tables for an inland port derived from those of a 
port on the sea shore. The variation of the interval will vary with the 
square root of mean depth of the channel at high water. 

Tiie report suggests that " these results give us principles, 1st, for the 
construction of canals ; 2nd, for the navigation of canals ; 3rd, for the 
improvement of tidal rivers; 4th, for the navigation of tidal rivers; 5th, 
for the improvement of tide tables. 

" The following experiments were made for the purpose of determining 
whether the velocity of the so called great primary wave were not 
affected by the initial velocity given to the fluid at its generation by 
the moving body. The velocity of genesis, or of the vessel by whose 
displacement the elevation of fluid was produced, is given in miles per 
hour, and the time occupied by the wave in describing 700 feet is giv^i 
in seconds. 

Velocity of genesis. ^^^^^^^ Interval of time. 

(i.) 5 miles an hour 700 feet 6z. seconds 

(2.) 3 ,1 700 „ 61. » 



(3.) 10 „ 700 „ 61. 

700 „ 62 . 



(4.) 7 
(5.) 7 



„ 700 „ 6z. 

(6.) 4 „ 700 „ 61.5 
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••From this it is manifest that the velocity of the propagation of the 
wave does not vary with the velo<jity of its genesis. 

** To determine whether the height of the wave prodaced any variation 
in its velocity, the following experiments were made: — 





Height of the wave 


Space 


Interval. 




ahove the level. 


de^)cribed. 


(7.) 


6.0 inches 


700 feet 


61.50 seconds 


(8.) 


5-0 .» 


700 „ 


61.75 »» 


(9.) 


3-5 », 


700 „ 


62.50 


Cio.) 


2.0 „ 


700 „ 


^i'So „ 



** It appears from these examples that, in a given reservoir of fluid, the 
higher wave moves more rapidly than the lower; and it was afterwards 
found that the increase in height was equivalent in its effect on the 
velocity to an equal addition to the depth of the fluid in the reservoir. 

** To determine whether the depth of the fluid affected the velocity of 
the wave, the following experiments were made in the same channel 
filled to diflerent dcptl^: — 



Depth of fluid. 


Space described. 


Velocity of wave. 


(11.) S'^ feet 


486. feet 


9.594. miles an hour 


(i».) 3-4 „ 


150- » 


7.086 



•• The former of these ohservationsis exclusive of the height of the wave, 
and adding six inches to the depth of the fluid in this case, the height of 
the wave being already added to the depth in (12.), we find that the 
velocities are nearly proportional to the square roots of the depths, and 
are nearly equal to the velocities that would be acquired by a heavy body 
in falling through heights equal to half the depth of the fluid. 

* In the last case the channel was rectangular, and consequently the 
depth of the fluid was uniform across the whole depth of the channel; it 
was next of importance to ascertain what law held in those cases where 
the depth diminished towards the edges of the channel For this purpose 
two channels were selected having the greatest depths in their middle, 
and diminishing towards the sides. The following are the results: — 

Greatest depth in 

the middle of Space described. Velocity of wave, 

the channel. 
(13.) 5.5 feet 1000 feet 7. 84 miles an hour 

(14.) 4.0 „ 8zo „ 6.09 „ 

** In these instances the diminished depth at the sides has diminished 
the velocity of the wave below that due to the greatest depth in a ratio 
in the first example nearly of 9*5 to 7*8, and in the second of 7* to 6*. 
See Experiments (II) and (12). 

** The following three experiments are instructive as having been made 
on channels in which the maximum depth was nearly the same in all ; 
but in (15) the depth remained constant to the side which was vertical, 
in (16) the sides had a slope of nearly 20% and in (17) a slope of nearly 
40% so as to diminish the depth towards the sides. 

Maximnm Form of Space ir/»i/w.<#- 

depth. channel. described. velocity. 

(15.) 5.6 feet Rectangular 486 feet 9.59 miles 

(16.) 5.5 „ Slope of ao' 2038 „ 8.83 „ 

(17.) 5-5 f* Slope of 40* 1000 „ 7.84 „ 
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'*Fn>in these it is manifest that the depth of the channel, while it modi* 
fies the depth of the flaid, affects the velocity of the ware. It was not 
found that the breadth of the channel prodaeed any similar effect. 

** The report contained some experiments made on the river Qjde. 
The stations extended firom the Bromidaw to Port Glasgow. 



Station I. GUsgow 

Station IL 

Station III. Cljde Bank 

Station IV. 

Station Y. Bowling 

Station VI. 

Station VII. Port Glasg. 



DiftoflevelatH.W. 



lo.i inches. N ^ 
9 . 1 inches. I J i 

7.0 inches. ^ J 

6.1 inches. Stg 



5 . 2 inches. 
2 . 2 inches. 
0.0 inches. 



5? 

»»4 



Dlir. at L. W. 

'33 inches. 

31 inches. 

27 inches. 

25 inches. 

12 inches. 

5 inches. 

o inches. 



H. W. time. 
83 min8.> 
76 mins. I 
61 mins. I 
43 mins. 
24 mins. 

6 mins. 

o mins.^ 



''From a laborious discussion of the observations, it appeared that the 
wave of high water travelled 



Prom IX. toVm. in 6 min. 



From VIII. to VIL 

From Vn.to VI. 

From VI. to V. 

From V. to IV. 

From IV. to HI. 

From m. to IL 

From II. to L 



in 9 min. 
in 6 min. 
in 18 min. 
in 19 min. 
in 18 min. 
in 15 min. 
in 7 min. 



fills' Sil'h" "'"—•«»'• 



" These results shew that in the deep water being between 40 and 60 
fathoms, or between 240 and 360 feet deep, the wave travels at the enor- 
mous rate of 80 miles an hour; that on reaching water A*om 20 to 30 feet 
deep, the velocity is diminished to 20 miles annour; and from V. to 11. 
where the river is wide, shelving, and shallow, the velocity of the tide wave 
is retarded to 8 miles an hour; while on ascending further up, where the 
banks nearly upright, and the contracted width give an increase of mean 
depth, the velocity has a corresponding increase to 15 miles an hour. 

** It appeared by the plans that the average depth of the river, fh>m I. to 
in., was 15 feet. Prom III. to V. the river is wide and shallow, spreading 
over extensive banks, where there are not 2 feet of water, for which we 
may take a third part of the greatest as a mean depth, or about 5 feet. 
In the division from V. to VIL, both depth and breadth increase very 
rapidly to about 35 and 37 ; taking 25 feet as the mean depth, we have 



Velocities of the Tlde- 
- wave as observed. 
80 miles an hour. 
20 miles an hour. 
8.1 miles an hour. 
15 miles an hour. 



Mean depth. 

240^360 feet. 

25 feet. 

5 feet. 

15 feet. 



Velocity dae 
to depth. 
60—80 miles. 
19.3 miles. 
8.6 miles. 
14.9 miles. 



The remaining experiments have not much practical bearing upon the 
objects of this treatise; we have abstracted the essential parts of the 
Committee's Report to the British Association, as highly instructive to 
the practical engineer in dealing with tidal rivers and canals, especially 
in the experimental portions. Professor Airy regards the great primary- 
wave as simply the solitary wave in its earliest and simplest condition, 
in which a particle is actually moved a certain distance by the wave, and 
then remains at rest in a new position; this wave, he observes, by mathe- 
matical reasoning, may travel without any force to maintain its motion 
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provided it be long in proportion to the depth of the flnid, and that its 
velocity be i/gA k being the depth, and g the force of gravity in feet 
per second. 2 

As to ordinary waves Mr. Rassell's experiments shew that a wave 
idways breaks when its elevation above the general level becomes eqaal 
to the depth of water; this fact is strikingly evident in the breaking of 
sarf; as the friction on the bottom shortens the wave in proportion to its 
depth, it topples over. In a similar manner the effect is produced when 
nrged on by wind in open sea, until the height of the wave becomes 
greater than gravity will permit it to stand. 



As an excellent and accarate example of tidal action in seas and estua- 
ries, we give the following abstract from a paper in the ^ Philosophical 
'lYansactions " for 1847, being observations on the 

TIDES OF THE IBISH SEA, 

And upon the great similarity of Tidal Phenomena of the Irish and 
English Channels. By Captain F. W. Beechey, RN., P.B.S. 

''The observations have shewn that, notwithstanding the variety of 
times of high water throughout the channel, the turn of the stream is 
simultaneous ; that the northern and southern streams in both channels 
commence and end in all parts (practically speaking) at the sawte ttme, 
and that time happens to correspond with the time of high and hw water 
on the shore at Morecambe Bay; an estuary rendered remarkable as being 
the point where the opposite tides, coming round the extremities of 
Ireland, finally meet. So that it is necessary only to know the times of 
high and low water at Morecambe Bay to determine the hour when the 
stream of either tide will commence or terminate. 

" The chart of curves or lines of direction of the streamy Plate n., will 
shew at once the effect of the tide upon a vessel, wherever she may be 
placed in the channel, and especially direct her where, with a beating 
wind, she will be benefited by standing in shore or otherwise; and taken 
in connection with the very valuable series of observations which were 
carried round Ireland by the Ordnance at the suggestion of Professor 
Airy, we a^ made acquainted with several curious facts: first, that 
whilst it is high water at one end of the channel, it is low water at the 
other; that the same stream makes both high and low water at the same 
time; that there are two spots in the channel, in one of which the stream 
runs with considerable velocity without the water either rising or falling, 
and in the other, that the water rises and falls from sixteen to twenty 
feet without having any visible horisontal motion of its surface; and that 
during the first half of the flowing, and last half of the ebbing tide-wave, 
the stream in the south channel runs in a contrary direction to the wave, 
and goes up an ascent of about one foot in 4^ miles. 

" Plate II. shows the lines of direction of the stream with the rate of the 
tide at its greatest velocity on the day of syzygy, all being reduced to the 
same standard. 

" An inspection of the Plate will show that the tide enters the Irish Sea 
by two channels; of which Camsore Point and Pembroke are the limits of 
the southern one, and Bathlin and the Mull of Kintire the boundaries of 
the northern. 
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^ The stream in the Bouthera channel (as before stated) has been ascer- 
tained to move nmtdtaneously in one vaat current throughout; ranning six 
hours nearly each way, at an average rate of from two to three knots per 
hour at the height of the springs, increasing to four knots and upwards 
near the banks and at the pitch of the headktnds; its timea of dock water 
corresponding sufficiently near for all practical purposes^ with At trnteeof 
high and low water for the day at Jaortcambe Bay, or more correctly at 
Fleetwood, which is twelve minutes earlier than Liverpool. 

**The central portion of the stream oi flood or ingoing etreamy runs nearly 
in a line from a point midway between the Tusluir and the Bishops, to 
one six miles due west of Holyhead; beyond which it begins to expand 
eastward and westward, but its main body preserves its direction straight 
forward for the Calf of Man, which it passes to the eastward with in- 
creased velocity as far as Langness Point, and then at a more moderate 
rate on towards Maughold Head. Here it is arrested by the flood or 
southern stream from the north channel coming round the Point of Ayre, 
and is first swayed round to the eastward by it, and then goes on with it 
at an easy rate direct for Morecambe Bay. 

^ The outer portion* of the stream are necessarily deflected from the 
course of the great body of the water by the impediments of banks on the 
Irish side of the Channel, and by the tortuous lorm of the coast on the 
Welsh. The eastern portion passing Linney Head rushes with great 
rapidity between the Smalls, Grassholm, and Milford Haven, towards 
the Bishops, which it passes at a rate of between four and five knots ; 
sets sharply round those rocks in an E.N.E. direction, right over the 
Bass bank, and into Cardigan Bay; makes the circuit of that bay; and 
sets out again towards Bardsey at the other extremity of it; then sweep- 
ing to the N. by W. past the island and through the sound, it eradualiy 
takes the course of the shore, round Caernarvon Bay, filling the Menai 
Strait as far as Bangor; but the stream still continuing outside towards 
the South Stack, which it rounds, setting towards the Skerries at a rate 
of upwards of four knots; and finally, turns sharply round those rocks 
for Liverpool and Morecambe Bay; completing in its way the high water 
in the Menai, and filling the Dee, Mersey, and Ribble. 

** The western portion of the str^^am, after passing the Saltee, runs nearly 
in the direction of the Tuskar, sets sharply round it, and then takes a 
N.£. ^ N. direction, setting fair along the coast, but over the banks skirt- 
ing the shore. Abreast of the Arklow is situated that remarkable spot in 
the Irish Channel, where the tide neiUier rises nor falls. The stream, 
notwithstanding, sweeps past it at the rate of four knots at the springs, 
and reaches the parallel of Wicklow Head. Here it encounters an ex- 
tensive bauk recently known ; and whilst the outer portion takes the circuit 
of the bank, the inner sweeps over it, occ^oning an overfall and strong 
rippling all round the edge, by which the bank may generally be dis- 
covered; beyond this point the streams unite and flow on towards Howth 
and Lambay, growing gradually weaker as they proceed, until they ulti- 
mately expend themselves in a large space of stUl water situated between 
the Isle of Man and Carlingford, where occurs the phenomenon of the 
water rising and falling without having any perceptible stream. This 
space of still water is marked by a bottom of blue mud. 

" In the north channel the stream enters between the Mull of Elintire 
and Rathhn sunudaneously with that passing the Tuskar into the southern 
channel, but flows in the contrary direction. It runs at the rate of three 
knots at the springs, increasing to five knota near the Mull, and to four 
near Torr Head on the opposite side of the channel. The eastern branch 
of this stream turns round the Mull towards Ailsa and the Clyde, a 
portion passing round Sanda up Kilbranniu Sound and Loch Fyne. 
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*< The main body sweeps to S. bj E., taking nearly the general direction 
of the channel, bat pressing more heavily on the Wigtownshire coast; off 
which it has scooped oat a remarkable ditch, npwards of twenty miles 
long by about a mile only in width, in which the depth is from '400 to 
600 feet greater than that of the general lerel of the bottom about it. 
Near the Mall of Qalloway the stream increases in velocity to five knots, 
the eastern portion turns sharply round the promontory towards the 
Solway, and splits off St. Bee's Head; one portion running up the Sol- 
way, and the other towards Morecambe Bay. 

" The central portion from a midway between the Mull of Galloway and 
the Copeland Islands, presses on towards the northern half of the Isle of 
Man, and while one portion of it flows toward the Point of Ayre, the 
other makes for Contrary Head, and is there turned back at a right 
angle nearlv to its early course. Passing Jurby it reunites with the other 
portion of the stream, and they jointly rush with a rapidity of from four 
to five knots round the Point of Ayre, and directly across all the banks 
lying off there, and catching up the stream from the south channel off 
Maughold Head, they hurry on together towards that great point of 
union, Morecambe Bay. This bay, the grand receptacle of the streams 
from both channels, is notorious for its huge banks of sand heaped up in 
terrible array against the mariner unacquainted with its locality, and 
also remarkable for a deep channel scoured out by the stream, and known 
as the Lune Deep, which, to the wary navigator, is the great hidden 
beacon of his safe^, and serves him, alike in fog or in sunshine, as a 
guide to his position, and to a harbour of safety in case of need. 

'* We have now only to speak of the western limit of the stream, which 
we left off Torr Head running at a rate of four knots off the pitch of the 
point. Hence it strikes directly towards the Maidens, boiling over the 
Highlander and Russell rocks, and other reefs in the vicinity of that 
dangerous group; and takes the direction of the coast again from Muck 
Island to Black Head, at the entrance of the Lough of Belfast, which 
it fills. 

** .The portion of the stream which sets up the Lough splits again off 
Grey Point; one portion flowing up towards Garmoyle, while the other 
bends back along the shore of Bangor, Grimsport and Orlock, and blends 
with the general stream which has come on from the Maidens and Black- 
head, and passes with it through the sounds of the Copeland Islands. 
Hence it proceeds along the coast, brushes the South rock, and runs on 
towards St. John's Point; off which, the stream, like that coming from 
the southward, expends itself in a large space of still water, which re- 
mains undisturbed although ' pressed upon by streams from various 
quarters. 

** Sach is a general description of the streams in both channels which 
attend the flowing of Hie water, or which, for the purpose of distinction, 
we may designate the ingoing stream. 

** The ebbing or outgoing streams do not materially differ from the re- 
verse of these, except that in the southern channel they press rather more 
over towards the Irish coast. 

** This is a general idea of the course of the streams throughout the 
Irish Sea, represented in Plate IL; but besides these there are (as usual) 
at all the pomts and headlands, when abrupt, counter streams or eddies 
beginning at about two hours b^qt the offing stream, increasing with the 
strength of the tide, and occasioning races and overfalls at the places 
marked on the chart. In the direction of the offing stream there is as 
little variation of the current at the different hours of tide as will be met 
with in any sea of similar extent, and indeed it is only with the slacken- 
ing of the tide that the variations occur, which happens from about forty 
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minutes before to about forty minntes after high or low water at More- 
cambe Bay. 

During the time these obsenrations on the stream were in progress, 
others were made upon the rite and faU of the water at sereral stations 
in the channel, and wherever practicable at places in the offing. By- 
combining these observations with the range of tide on the coast of 
Ireland, published in Professor Whewell's admirable paper on the Tides 
in the * Philosophical Transactions' for 1836, Part EL, and with observa- 
tions made by Captains Robinson, Denham, Frazer, Sherringham, 
Williams. &c., Captain Beechey constructed a chart of lines of equal range 
of tide, Plate I. in order that the seaman may ascertain by a simple in- 
spection of the chart, wherever he may be placed in the channel, the 
amount of spring range to which he has to adapt his soundings. In this 
chart the lines denote the range of tide at the places over which they 
pass, on a day when a spring tide at Liverpool rises thirty feet 

*< In the Irish Sea it was found that the place of the toater at the htdf- 
tide interval did not correspond with that of a mark at the half ranffe of 
the wave, but that it was always below it, showing that the upper half of 
the wave rose and fell more rapidly than the lower. It was also found 
that the curve of the Irish Sea tide did not oorrespond with that of the 
Bristol Channel tide; that neither followed the law of the sines to cor- 
responding arcs of tidal intervals. 

** In connection with the range of tide is that of the apparent mean 
elevation of the water. All the observations confirm the remark of 
Professor Airy (Phil. Trans. 1845, Part L p. 31.), viz., that this mean level 
is higher at the springs than at the neaps. The mean place of the water, 
however, for an entire lunation, during the snmmer months at least, is 
tolerably constant, and affords a fair standard to which the reductions 
used in our nautical surveys may be referred in the event of the gange 
being removed by which the observations were made; annexed is the 
result of observations made at Holyhead dnring nearly four entire years. 

AFFABENT MEAN PLACE OE THE WATER, AT HOLTHEAD. 



Month. 


1888. 


1839. 


1846. 


1847. 


Mean of 
Months. 


January ... 
February... 

March 

April 

May 


ft. in. 
II 3- 
lo 6i 

10 1 
lO I 
lO 2 

10 I 

10 6 
10 4 
lo 6f 
lo 7 
10 7 


ft. in. 
lo 6 
10 3 

lO 2 

9 10 
9 9 

lO I 
10 ij 

9 lo 
lo 7 
10 3i 

10 2} 

11 2 


ft. in. 

10 oj 
10 4 
10 1} 

10 I 

11 I 
10 8 
10 7j 
10 6 


ft. in. 

10 7 

9 10 

10 4 

9 iif 

9 iif 

9 io| 

9 lof 

10 3i 

10 10 

10 9} 

10 II 


ft. In. 
10 9i 
10 2^ 
10 2I «• 

9 "hf 

9 iH 1 

10 of g 
10 c|j| 
10 6| ® 
10 7 
10 6? 
10 9J 


June 

July 


*; "V 

August 

September. 
October ... 
November . 
December . 


Mean of the 
year 


^?-..?„ 


10 2| 


10 5i 


10 si 


10 3i 



"All the tides of the Irish Sea partake of the nature of river tides in 
having their ebb longer than their flood, except those of Tuskar and 
Holyhead, which are the reverse. The respective intervals are given in 
the order in which the places occur. 
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BTTEATIOH OF TIDE. 

Rising. Falling. 

h. m. h. m. 

Tuskar 6 27 . . 6 8 

Bardsey 5 24 .. 6 52 

Holyhead 6 18 .. 6 ~o 

Peel, Isle of Man 6 o . . 6 15 

Kamsay, Isle of Man. . 5 48 *. 6 35 

Fleetwood 5 46 , . 6 39 

" All these are the mean of many observations. 

**The change at Holyhead is remarkable, and if we follow the durations 
np to Eamsay, we shall see that Feel also, an intermediate station, is 
affected. The cause of this may possibly be connected with the effort of 
the water to maintain its level; for in projecting the curve of the wave 
on paper, this peculiarity, in connection with the veiy short flood of 
Bardsey, has the effect of reducing the curve from what it would assume, 
were Holyhead similarly influenced with other places. 

Captain Beechey proceeds to trace the course of the stream from 
Pembroke to the Land's End; to connect the tides of the Irish Sea with 
those of the Bristol and English Channels, and finally with those of the 
ofiSng. His following observations will be explained by reference to 
Plates ILL and lY ., which shew the tidal streams in the English and Irish 
Channels respectively. 

*^ It seemed evident that the water was influenced by forces acting in 
opposition nearly to each other, and that there was a tide in the offing 
whose streams of ebb and flood- did not correspond with those of the 
channels. By applying this idea first- Co^e English Channel, the ob- 
servations responded to it; and carrying it to the offing of the Irish Sea, 
and considering that channel as comprising the Bristol Channel within 
its limits, as the English Channel does the Gulf of St. Malo, the idea was 
confirmed so far as the observations themselves extended. This offing 
stream appears to be of great extent, setting to the north and south along 
the coast of Biscay and the British Isles, running six hours nearly each 
way, and exercising an influence with more or less effect over all the 
waters of the channels and estuaries it passes in its progress, diverting 
their courses, and in some cases, when the streams oppose, wholly over- 
powering or reversing their direction. From the connection of the 
observations of the Irish Sea with those of the Bristol Channel, it is clear 
that the whole of the ebb or outgoing stream of the eastern half of the Irish 
Channel runs into the Bristol Channel, and forms the flood or ingoing tide 
of the northern half of that great estuary; and vice vend the ebb or out- 
going stream from the northern half of the Bristol Channel,forms the flood 
of the Irish Sea, each tide passing to and fro with great rapidity round 
St. Govan's Head. The centre and southern half of the Bristol Channel 
receive their waters firom the offing and the English Channel, the coast 
stream bringing the waters up from the Land's End and the English 
Channel, as the stream on the northern half did those of the Irish Chan- 
nel, and vice versa, 

" The great offing stream at the entrance of the English Channel ex- 
tends its influence as far up as Cape La Hague, beyond which, owing 
perhaps to the sudden contraction which there occurs in the Channel, the 
stream suffers no interruption, but, as in the Irish Sea, passes up and 
down the Channel six hours nearly each way as far as a line joining 
Dungeness and Cape Grisnez, the apparent virtual head of the tidal 
channeL Here the influence of the North Sea stream begins to be felt, 
and here, as in the Irish Channel, again the time of high and low water at 
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the virtual head of the tide regulateM the turn of the up and doum stream 
along the whole channel as far as the contraction. Beyond this the ofiiug 
stream being governed by its own high water, and that occurring at 
about six hours earlier than that of the head of the channel, the offing 
stream either butts against the returning streams from the channels, or 
withdrawing its water, solicits their streams and thus alters their course, 
making them for the most part set across the Channel in curves more or 
less bent as the spot is more or less removed from the offing ; so that 
there seems to be but one hour's tide each way that passes clean down 
the Channel from Beachy Head to Scilly, and round the Land's End to 
Bristol. The outgoing stream from Beachy Head encounters the ingoing 
stream of the offing tide somewhere about the Start Point, and both are 
turned down into the great Gulf of St. Malo, which seems to receive the 
accnmuhited waters of these opposite tides. 

'* Whether or not this influx is instrumental in raising the water here 
to the extraordinary height of forty-seven feet perpendicular range at 
springs, or whether it be owing to its form and position as regards the 
advancing tide wave, is a problem; but it is a comcidence that cannot 
escape observation, that this spot, like the Bristol Channel, is the concen- 
tration of streams from opposite directions; that it has its waters raised 
to the same extraordinary elevation nearly to a foot, and that its time of 
high water is nearly the same. 

** On the change of tide, this great bay, like the Bristol Channel, as it 
received so it returns its waters in opposite directions, the tide splitting 
somewhere between Aldemey and the Start; but here especially, as also 
in a similar locality in the Irish Channel, we are in want of observations. 

''In tracing these streams, it was impossible not to be impressed with 
the many coincidences which assimilate the tidal phenomena of the two 
channels, so much so as to render it probable that they are subjected to 
precisely the same laws. 

** Considering the Irish Channel to extend from a line joining the 
Land's End and Cape Clear to the end of the tidal flow, which is either 
at Morecambe Bay or Peel, in the Isle of Man ; and the English Channel 
as reaching from a line connecting Ushant with the Land's End, to the 
end of its tidal flow, or to Dungeness. We shall then see that the 
English Channel, from its outer limit to the end of its tidal stream, is 262 
geographical miles, and that the Irish Channel, from its western limit to 
the end of its tidal stream, is nearly the same; being about 265 geograph- 
ical miles. In both channels the stream enters from the south-west, and 
flows up until stopped by a counter stream. In both channels there is a 
contraction of the strait almost midway, by the promontories of Cape 
La Hague in one instance, and St. David's Head in the other, and at 
very nearly the same distances from the entrance. This* contraction is, 
in both cases, the commencement of the regular stream, which flows six 
hours nearly each way, the turn of the stream throughout coinciding with 
the times of high and low water at the virtual head of the channel, situated 
in both cases about 145 miles above the contraction, and that time being 
very nearly the same, viz., lOh. 50m. at full and change; below this con- 
traction, away from the land, the stream in both cases varies its direction 
nearly every hour, according to the force exerted upon it by the opposing 
offing stream. 

**In both cases, between the contraction and the southern horn of the 
channel, there is situated a deep estuary, the Bristol Channel and the 
Bay of St. Malo, in which the times of high water coincide, and where, 
in both cases, the opposing streams meeting in the channel pour their 
waters into these gulfs, and where the tides in both places rise to the 
extraordinary elevation of forty-seven feet at the syzygies> From th« 



dby VjO . 



Ixiii 
Remarks on the use of the Tables. 



Land's End to the meeting of these streams in the Bristol Channel is 
seve'nty-fiTe miles, and from Brest to the meeting of the streams off 
Guernsey the same. A still farther coincidence is apparent between the 
phenomena of these channels. In one, at a place called Courtown, a 
little above the contraction of the strait, and at 150 miles from Cape 
Clear (its entrance), there is scarcely any rise or fall of the water; and 
in the other channel (abont Swanage), situated also a little above the 
contraction of the strait, and just 150 miles from the Land's End, there 
is only five feet rise of the water at a spring range. In both cases these 
points of small range of tide are situated on the opposite side of the 
channel to that of the high elevation above mentioned, and in both cases 
these spots are the node of the tide-wave (on either side of which the 
times of high and low water are reversed). And again we trace a simi- 
larity in an increased rise of the water on the south-east sides of both 
channels abreast of the virtual head of the tide: at Liverpool in one case, 
where the range amounts to thirty-two feet, and at C^eux in the other, 
where it is thirty-four feet. ' 

*^ It may also be shown that the progress of the tide-wave along the 
side of the channels opposite the node is not very dissimilar. Reckoning in 
both cases from the line which we have before drawn, as- the outer limits 
of the channel, we find that in the English Channel, from this line to 
Cherbourg, opposite the small range of tide, — 



The wave travels . . . . . . . . 50 

In the Irish Channel, from a similar line to 

Bardsey, it travels . . . . . . 52^ 

From Cherbourg to Havre . . . . • • 32 

From Bardsey to Holyhead . . . . 16 

From Holyhead to end of tide . . . . 78 

Dieppe to the end of the tide . . • • 75^ 



Miles 
per hour. Milee. 

"^ si C*'* 

« M 
A® 



H 



649 
397 
193 
959 

192Z 



These numbers are given roughly, merely for the purpose of showing the 
general resemblance in the character and motion of the wave ; and it is 
probable a more judicious selection of positions and numbers would 
give a still nearer coincidence. Besides which we are somewhat uncer- 
tain as to the establishment at our starting-point. As a comparison, 
however, the numbers run fairly together. In both cases the retardation 
of the tide-wave about mid-channel, and the great elongation of the wave 
towards the end of the strait are remarkable, especially in the Irish Sea. 

*' Lastly, we may notice a singular coincidence in more respects than 
one, indeed, between the situation of the node placed by Professor 
Whewell in the North Sea, and a corresponding point of small range 
and inversion of tide at the back of Kintire. The node or hinge of the 
tide in the North Sea is curiously enough situated as nearly as possible 
at the same distance from the head of the tide offDungeness, as the node at 
or near Swanage is on the opposite side of it; and the node at Kintire 
communicated by Captain Robinson, is abont the same distance from the 
meeting of the tide in the Irish Sea as the North Sea node is from the 
meeting of the waters off Dungeness, and is similarly situated with 
respect to the node of Courtown as the North Sea node is with regard to 
Swanager The forthcoming part of the **Philo8ophical Transactums *' 
will contain a most interesting extension of Captain Beechey's investiga- 
tion on the tides of the English Channel. ( See Appendix,) 

We have given this example of the Irish Sea with Captain Beechey's 
remarks at great length, because it is a type of what we find practically 
and may expect from theory in the development of the simple tidal wave, 
and the numerous offshoots or minor vibrations, and the secondary efforts 
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produced by Mr. Airy's '^ forced tidal wave." These great yibratioDS 
follow the deepest and smoothest channels with their maximam velocity, 
and are retarded by laws which there is no doubt coald be strictly de- 
fined, if we had the nature of bottom, and other disturbing forces, as 
elements in the calculation. It is evident that the primary, or great 
tidal wave, passes in at each end of the channels with the deepest line of 
sounding ; this produces the alternate overflow and recession of the cen- 
tral volume towards the coasts, while the offing tide, which is described 
as apparently pasnng across the entrance of the channels, is nothing 
more than the same effect of a great succession of waves, following the 
disturbing or creative cause round the gk>be, and turning over towards 
the gradually shoaling of the bottom, approaching the British Isles,, 
where again, the line of least resistance is taken up the channels, by the 
diverging waves. 0> reference to our remarks on the various rivers and 
estuaries of which we have given the phenon>eua from accurate experi- 
ments, we see precisely the same effects produced, although frequently 
developed to a greater degree by rapid diminution of width and depth,, 
or tnce vend ; and in tracing the action of both the hydrodynamic and 
the vibratory action of water, we must always recollect that it is a non 
elastic fluid; so that wherever at a pcant, in a given channel, there |is 
want of area,, we have increased head or oscillation, and as a secondary 
effect, increased velocity ; while on the other hand, where there is cessa- 
tion of velocity, we have increase of area. So, where the bed and bonks 
are capable of being acted upon, (and what are not?) we find invariably 
that, unless perfection of regularity exists, there is perfect irregularity ; 
that is to say, for every indentation there is projection — for every depth 
too great there is depth too little ; for every variation above the mean, 
or true velocity, we have a similar falling behw the mean ^ a perpetual 
recurring equilibrium which is attamed by velocity or depth, by time 
or space. 

Thus it is the great law of equilibrium which indicates what should 
be the proportion of artificial hydraulic construction ;. the more nature is 
aided in creating such equilibrium, the more rapidly are her powers 
developed ; by deepening, and straightening, and reducing into train 
any channel or tidal river, we get nature to aid in producing the effect^ 
caUing in assistance of a tenfold effect, because it is one developing upon 
itself, and generating new powers from the combination. 

We subjoin remarks from Airy's Treatise in reference to the cotidal 
lines of the globe,, as they have especial relation to the question of 
depth and its effects. 

^ In all places where the circumstances of depth, &c^ vary much in a 
small extent of sea, we may consider the alteration in the tides through 
that extent as following simply the laws of waves on which no force is 
acting, (because the length of the column of water on which the sun ot 
moon acts is too small to allow their attraction sensibly to modify their 
pressures.) Suppose now that in the neighbourhood of any particular 
coast, the bottom shelves gradually from deep sea to one comparatively 
shallow. This would be attended, theoretically, with two consequences* 
The first is, that the wave would travel more slowly, and therefore the 
separation of the cotidal lines corresponding to successive hours would 
be less, or the cotidal lines would appear to be crowded together on the 
map. The second is, that the magnitude of the tides would be much 
increased. And these circumstances might be found in places where 
the change in the depth was not known from observation; for the nsuid 
limit of sounding is 200 fathoms, which is probably a small quantity 
compared with the depth of the ocean. We may then expect that, where 
the cotidal lines approach closely, the magnitude of the tides will be 
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increased. Now tfais does occar. * A well-marked instance is the Baj 
of St. George, in South America, in which a dose approximation of 
cotidal lines is accompanied with large tides. It is possible here that the 
tides may be still further increased bj the converging form of the waves. 

** Another curious effect of the same cause is the Sstortion of the lines 
produced bj islands, surrounded by shoals, in the ocean. The shoals 
prevent the tide-wave from advancing rapidly, and the cotidal line is 
therefore thrown back; but, conceiving the ridge of the wave to be thus 
bent, it is easy to imagine that after passing the island the two lateral 
parts of the wave will bend round it till they unite, and will then form 
a straight front nearly as before coming to the island. The successive 
cotidal lines will have forms corresponding to the forms of the ridge of 
this wave at successive times. Of this there are several instances ap- 
parently beyond doubt^ Thus the 1 o'clock line is thrown back by the 
Azores; the 11 o'clock line is bent by the Bermudas, and its lateral 
branches nearly meet; the 10 o'clock line, after having been interrupted, 
just meets behind New Zealand. A similar effect of the same cause is, 
the universal dragging of the wave along the shore. 

*' The velocity of the tide-wave ought, with the assistance of the table, 
to give us good information as to the depth of the sea. Thus in tlie 
North Sea, the tide-wave in 9 hours appears to describe somewhat less 
than 6 degrees of latitude, or, on the average about 45 miles per hour. 
This, by the table in page lii., corresponds to a depth of 140 feet. We 
believe that the average depth along the line of deep channel is greater 
than this, and that at the sides less ; and it is probable that the actual ve- 
locity is effected by both these. If the tide-wave of the Atlantic were 
purely derivative, it might be considered as describing 90 degrees of lati- 
tude, from the southern 1 o'clock line to the northern 1 o'clock line, in 12 
hours, or to move about 520 miles per hour; which would imply a depth 
of about 18,000 feet or 3^ miles. The reader will have no difficulty in 
extending similar remarks to other seas ; in this, Plate Y. will assist his 
inquiries. 

In closing this part of our remarks we quote from Dr. Whewell's paper 
on the Tides, read to the Royal Society in December, 1847, relating 
chiefly to the tides of the Pacific and the diurnal inequality. He remarks 
that the cotidal lines in the observations of 1834 and 1835 shewed one 
feature, viz., their meeting the shore at a very acute angle, and following 
its flexures with an almost parallel course at a little distance, and that 
consequently the tide-wave which runs up the middle of a channel is 
very much in advance of its place at the sides; this is quite in harmony 
with the laws of fluids, and with the effect of friction and decrease of 
depth along shore. 

OS THE DIirSNAL USTEaTIALITT 

Dr. Whewell remarks that it was noticed by Newton at Plymouth and 
Bristol, and has been commonly called the difference between the day 
and night tide, which is in fact only a temporary distinction. 

** It depends upon the moon's declination, and changes to alternate 
tides when the moon's declination changes from north to south, and vice 
versd. Its rule is expressed in the following form : — 
For moon's N. {Add to the tide following moon's South transit, 

declination i Subtract from the tide following moon's N. transit. 
For moon's S. ( Subtract from the tide following moon's S. transit, 

declination ( Add to the tide following moon's N. transit, 
the quantity added or subtracted being greater as the declination is 
greater; and the declination being taken for one, two, or three days 
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preyioiu to the tide. According to this law, the ineqaality has heen in- 
trodaced into the Tide Tables for Liverpool, Bristol, and Plymouth, as 
given at paee 80 et seq. 

** This rale of the diurnal tide maj^for wme manthay produce the effect 
of making the afternoon tides greater than the morning tides, or vice 
versa. Suppose the place to be one where the tide happens (in general 
terms) soon after the moon's (eouth or superior) transit; then, beginning 
from new moon, the afternoon tide for a fortnight follows the south 
transit of the moon. Supposing that daring this fortnight the moon has 
north declination} then the diomal ine<}ualitv is additive by the rule, 
and therefore the afternoon tide is, dnrmg this fortnight, the highest. 
Now at the end of a fortnight of north declination, the declination changes 
to south. Bat at the end of a fortnight, the afternoon tide begins to be 
that which follows the north or inferior transit of the moon; and there- 
fore again, by the second part of the rule, the inequality is still additive, 
and the afternoon tide is still the greater. And this wiU continue to be 
the case till the points of no lunar declination are shifted away from the 
syzyt^ies by the motion of the moon's nodes relative to the sun. But if 
the declination pass from north to south, or the reverse, at a different 
period from that which transfers the afternoon tides from one transit to 
the opposite one, we shall no longer have this apparent constancy in the 
relation of morning and afternoon tides. If, for instance, the tide-hour 
being sach as has already been supposed, the change of declination, 
north and soath, takes place when the tide is at four, five, six, or seven 
o'clock ; the afternoon tide will then (or rather one or two days later) 
change from beine the greater to being the less, or vice versa. Or if the 
tide-hour be six (rclock, the tide being (in general terms) six hours after 
the moon's transit, the afternoon tide will follow a south transit of the 
moon from the time when the moon is six hours west of the sun to the 
time when she is six hours east of him, and then change and follow a 
north transit; and so on alternately. Hence, if in this case the moon's 
ascending node be at six hoars west from the sun, the declination will be 
north while the afternoon tide follows a south transit, and therefore the 
afternoon tide wiU be the greater for the whole lunation. Bat if, in this 
case, the node be in conjunction with the sun, the afternoon tide will 
change from smaller to larger, or the reverse, at the syzygy, that ia, when 
the tide is at six o'clock ; or rather, a day or two later. 

** This last-mentioned circumstance, that the change in the features of 
the tides takes place a day or two, or perhaps longer, after the astrono- 
mical configuration by which it is determined, is common to all the 
empirical laws of the tides. It has recently been shown by Mr. Airy 
that this is a resalt which follows from supposing the tidal motions of the 
sea to be affected by friction. The amount of this retardation of the 
phenomena, for each place, or, as we may term it, the * age of the tide ' 
relative to the diurnal inequality, is different for different places; and 
mast, for each place, be learnt from observation;" as is shewn in our 
•* Tide Tables for British Ports." 

**The inequality of heights appears in the zigzag form of the line 
drawn through the summits of ordinates projected from the heights of 
successive tides. This zigzag structure is sometimes of a moderate 
degree of abruptness, as in the tides of the coast of North America, and 
of Portugal, and those of Plymouth, and sometimes extremely abrupt, 
as the heights of low water at Singapore. In this latter case, the diurnal 
inequality sometimes makes a difiference of no less than six feet between 
the height of the morning and afternoon tide; the whole rise of the mean 
tide being only seven feet at springs, and the difference of mean spring 
and neap tides not more than two feet. 
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*' Whfle in some places it affects the heights, and at other places prin- 
cipallj affects the times, for instance, the diurnal inequality which alters 
the low water four feet at Port Essington, and six feet at Singapore, 
affects the high water to a still greater extent in the Gulf of Cambaj, 
and disturbs the times at the entrance of the Persian Gulf. 

** It was reniarked on the occasion of the observations of 1835, that 
the diurnal inequalitj on the coast of North America followed the 
changes of the moon's declination almost instantaneously; while on the 
coasts of Portugal, Spain, and France, the changes of lunar declination 
were represented in the diurnal inequalitj two or three days later; and 
at the Cape of Good Hope, about the same time.** Dr. Whewell considers 
that this feature throws great difficulty in the conception of that motion 
of the waves by which the tides are produced, and suggests the necessity 
of some new mode of conceiving that motion. But we think the discrep- 
ancies are rnther indicative of geographical and local difficulties in Vu 
form of the ocean bed, than any interference with the laws of fluid motion, 
which, however complicated in their details, are simple in their original 
forms. It is very certain that some of the most remarkable tides in the 
British coasts—as, for instance, the 18-inch spring-tide rise on one side of 
Fairhead, and the four-feet rise at a like distance on the other side of 
the same point, accompanied by terrible races and currents — similar 
phenomena also occurring at the Bill of Portland — are each and all 
mainly caused by bluff underwater cliffs, which directly reflect the tidal 
wave out of its course. 

Plate V. is a cotidal chart of the globe, partly from Mr. Airy's treatise, 
and corrected from Mr. Whewell^s paper above quoted ; undoubtedly 
the coast lines give a vast amount of information touching the tide hours, 
and times of high water approaching various shores and islands; in one 
point, however, We would suggest that there is room for much greater 
Inquiry and speculation. As the tidal wave first proceeds from the sun 
and moon direct, much as if the ocean were pulled up over an enormous 
area, and then suddenly or as rapidly dropped again, it is clear that the 
wave must traverse, almost unchecked, in the depths of ocean adjacent to 
the equator; from this region it is natural to suppose, on the same 
principles of which we have positive proof in our channels and estuaries, 
that the waves diverge in a circular form, with velocities varying as in- 
fluenced by depth and friction. Unfortunately deep sea tides are beyond 
reach of experiment; but we imagine that it would meet the requirements 
of theory if the cotidal lines in the southern hemisphere were adjusted 
as encircling or radiating from the equator, as those in the northern 
side are shown to do; this would affect not the hours along shore of 
South America, New Holland, and the Polynesian Islands, but the 
supposed direction in which the tide- wave works up the coasts; and 
if we take this view of the theory, it may account for many anomalies 
in the tides of the complicated region round Singapore. Mr. WheweU's 
remark that the cotidal lines always run almost parallel to the shore, 
indicate how immediately the tide is retarded in velocity when coming 
out of deep water, and how large must be the radius of each progres- 
sive wave; his own remarks indicate the above hypothesis. 

With regard to the semi-diurnal tide, we find it practically perceptible 
in the Thames, and it is also visible in the tides of the Humber. In a 
tidal canal branching from the Thames, which is under our management, 
it is found that at neap tides the inequality is highly useful by enabling 
advantage to be taken of the highest tide for keeping up the water to a 
better working level, there being occasionally nearly two feet difference; 
we have also experienced a similar advantage by the lower ebbing out in 
erecting tidal works at Plymouth. 
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TIDES 07 BIVEKS AITD ESTTTABIES. 



With a view to a more general knowledge and comparison of tbe tidal 
phenomena of English rivers, we have formed a collection* ef the prin- 
cipal characteristics of their tidal flow and ebb; of the yelocitj of the 
tidal wave, and other accompanying circamstanees, such as the depth, 
width, and sectional area; and also the actual relative level of the water 
or tidal wave, at varions points in the course of the respective rivers. 
We have collected the whole of the matter at the end of this article, 
amounting to twenty-two consecutive pages, viz. — 

Tidal phenomena of the 

Thames... 2 pages. Tyne 4'page&r 

Waveney 3 „ Clyde 3 „ 

Nene 1 „ Mersey ...3 „ 

Hamber..! „ Dee 1 ,, 

Tay 1 „ Severn ...3 „ 

And we have closed them by a schedule of the size of Docks is the 
United Kingdom, depth of cills, and other information, useful to shew 
the capability of the different ports, and accommodation in relation to 
their natural flow of tide, additional information on which is also given 
in the tables of the Tides of British Forts. 

The following preliminary remarks upon each example will give all 
that we have been able to collect; they should be read in conjunction 
with the tables of the tidal phenomena relating thereto. 



THE BIVEB THAMES. 

The river Thames has now a free tide-way up to Teddington Lock, 
near Richmond, but previously to the removal of old London Bridge it 
was, for all practical purposes, held up as by a weir at that point. Much 
discussion arose on the probable effect of its removal, and Messrs. Rennie 
conducted surveys for the city, at various periods, by Mr. Giles and 
others, to ascertain the probaWe effects ; to save the reader labour 
of going through all the observations so ably put together by Mr. Rennie 
in his papers on Hydraulics, in the Reports of the British Association, 
we have laid together the following remarks and tables from this and 
other sources, endeavouring to trace down the various improvements and 
alterations in this great river ; a careful perusal of the following state- 
ments will show to the student or others seeking for examples, the enor- 
mous advantage produced by removing obstacles to the full tidal flow. 

Mr. Rennie quotes from the Philosophical Transactions for 1720, observa- 
tions, taken in Lambeth Reach, of the Thames, by Mr. Saumarez, 8th and 
19th June, 1719; we place them here in juxta-position with the present 
state of tbe river, showing the enormous changes that have been produced. 

♦ The collection has of course been gathered ft'om vArious sonrces, as acknowledged 
in each case. Unless very great liberality had been shewn to me by Mr. Rendel and 
other friends, I could not have attempted the labour. One endeavour has been to adopt 
none but what could be relied on as strictJy engineering surveys, and of undoubted 
accuracy. 
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1720. 1849. 

B. M. H. H. 

Time of Flood Spring Tide 3 50 5 15 

Ditto Ebb do. 8 40 7 5 

Time of Flood Neap Tide 4 50 6 

Ditto Ebb do. 7 35 6 20 

1720. 

Miles ran by Flood Spring Tide . . 5.25 "V 
Ditto Ebb do. . . 10.50 f Present facts 

Ditto Flood Neap do. . . 4.75 ( not known. 

Ditto Ebb do. do. . . 7.75 ; 

In the river Thames the tidal wave is now affected much less from 
friction and obstacles than might be expected. From reference to Mr. 
Lloyd's observations on the rise of the tides at Sheemess, with the 
mean of Mr. Lubbock's at the London Docks, it appears that in 1828 — 

Feet. Feet. 
The spring tide high water at the London Docks, above the 
same at Sheemess, was 2.086 

0.207 
The mean high water ditto ditto 2.243 

0.105 
The neap tide ditto ditto 2. 858 

0.890 
The spring tide low water ditto ditto 1.662 

0.368 
The meanlevel of the tides ditto ditto 2.086 

Or, taking more correctly the half diflference between spring 
high aad low water at Sheemess, the mean spring level is... 1. 726 

It seems, from the above summary, that as the water decreases in 
height, so the height of the water's surface at Iiondon Docks above the 
same at Sheemess also decreases, with the exception of spring tides at 
the London Docks and at neap tides. The above are means, not of the 
highest tides, but of the tides at a particular time of the moon's southing; 
Trinity high-water mark at London Bridge was found by Mr. Lloyd 
to be 1.904 above mean spring tide high- water mark at Sheemess. 

With respect to the influence of the winds on these tides; during strong 
north-westerly gales, the tide marks high water earlier than otherwise, 
and does not give so much water, whilst the ebb tide runs out later and 
marks lower ; but upon the gales abating and the weather moderating, 
the tides put in, and rise much higher, whilst they also run along after 
high water is marked, and with more velocity of current ; nor do they 
run out so long or so low : a south-westerly gale has a contrary effect 
generally, and an easterly one gives some water; but the tides in all 
these cases always improve the moment the weather moderates. 

Comparing observations taken at spring tides, for three days in 
March, 1833, before Old London Bridge foundations were removed, we 
find that high water at London Bridge was 1 hour 37 minutes after 
Sheemess j whereas now, in 1851, it is only 1 hour 20 minutes at spring 
tides, later than at Sheemess. 

Ft. Ins. 

In March, 1833, the rise of tide at Sheemess was 18 7 

Ditto ditto at Fresh Wharf. 20 5 

Ditto ditto at New London Bridge 18 3 

Comparing the rise of these tides with those of June, 1849, at page Ixxxii, 
it will be seen that London Bridge (although the old fall of 2ft. 2in8. is 
long since obliterated) is still the culminating point of the tidal wave of 
the Thames, owing to the narrowness of the river at this point, and 
quantity of ships at anchor in the pool ; thus — 
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Time. 
Ft Ini. H. M. 

Spring tide» June 20th. 1849» at Deptford 20 8 ... 115 

Ditto ditto at London Bridge 20 11^ ... 1 30 

Ditto ditto atBattenea 19 8 ... 2 O 

Ditto computed for Sheemess 18 7 ... U 55 

Bat the most striking instance of the change in the tidal head of the 
Tliames is shewn bj the following comparison of the 

TIME AND HBIGHTS OF HIGH AND LOW WATER, in 1828 ft 1846. 



Datnm SO feet below Trinity High Water, in this and all other Tables of 
the River Thames. 

8PBIK0 TIDE. 





April 29th, 1828. 


April 25th, 1845. 


Btationiu 


High Watkb. 


Low Wateb. 


HiohWatks. 


Low Watkb. 




Time. 'Height 


Time. Height 


Time. 


Height 


Time. 


Height 


London Docks 


a.m« 

H. M. 

4 IS 

5 I 

5 U 
5 40 
6xS 


Ft. Ins. 
19 

18 9 

19 
19 7 
xt 9 


ajn. 

H. M. 

II 18 

p.m. 
045 

I 5 

% M 

4 59 


Ft. Ins. 
17 6 

8 6 

9 8 
>3 5 

20 II 


p.m. 
H. u. 

4 «3 

450 

5 

5 «5 

6 


Ft. Ins 
10 3 

ZO I 

20 
ZO z 

ZO 11; 


pan. 

H. M. 

"45 
040 
« 15 

Z £0 

ajn. 
10 


Ft. Ins. 
19 J 

5 7 

6 4 
10 8 


Battersea Bridge 

Putney Bridge 


Kew Bridflre 


Teddington Lock ... 


17 8i 



KEAP TIDE. 



Stations. 



mLj 6th, 1823. 



HighWatbb. Low Wateb. 



Time. Height Time. 



Height 



Vaj l8t, 1845. 



HioH Wateb. Low Wateb. 



Time. 



Height Time. Height 



London Docks 

Battersea Bridge.. 

Putney Bridge 

Kew Bridge 

Teddington Lock.. 



p.m. 

H. M. 

9 7 
10 8 

10 31 
1049 

11 50 



Ft. Ins. 
15 3 

14 II 

15 z 
15 10 
»9 4 



H. M. 

3 zi 

538 
635 
815 

10 40 



Ft. Ins. 
I 9 

6 z 

8 J 

II 8 

19 o 



H. M. 

9 45 
10 %$ 
10 55 



p.m. 

•O ZO 



Ft Ins. 

17 o 

16 10 
16 II 
19 o 

18 4i 



4 35 
p.m. 

6 10 
a.m. 

7 10 

9 '5. 

fi o' 
p.m. 



Ft. Ins. 
I o 

5 4 

6 II 

II o 

17 loi 



• This is evidently not the time of the commencement of the flood, hut the time of 
low water; the down stream continuing for some hours afterwards. 
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COHPASATIVE SECnOlTS BETWEEIT WESTMIirSTEB AlTD LOVDOK 
BBIB6E8. 

Taken in 1823 and 1831 by Messrs. Eennie, and in 1846 by Mr. Page. 



Locality. 



Area below Low 
"Water. 



1823. 



188L 



1846. 



Area below trinity 
Eigb Water. 



1828. 



1831. 



1845. 



290 yards north of Westmin- 
ster Bridge 



Near Whitehall Stairs .. 
Near Hnngerford Stairs.. 
Waterloo Bridge 



Bonverie Street 

Between Blackfriars & South- 
wark Bridges 



London Bridge . 



Sup. Ft 
1»939 
4.7S7 
3,891 
3.75* 
4»33» 
J»976 



Sq. Ft. 

3,487 
6,570 

3,9» 
3,947 
3,900 
3,381 



6q. Ft. 
5,64* 
6,845 
6,458 
4,176 
6,153 
4,310 



Sq. Ft 
19,348 
21,168 
19,974 

20,570 
18, 291 
16,958 

7,360 



Sq. Ft 

20,046 

2 J, 660 

21,822 

40,905 

18, 210 

17,103 
1832. 
17,650 



Sq. Ft 

*o,953 

*4,744 

24. 7« 

11,70$ 

22,005 

15,460 
1884. 
17,600 



TA3LE OF VELOCITIES 07 FLOOD AND EBB TIDE. 

Giving the effect of removing old London Bridge. 



Between 

Westminster & Wa- 
terloo Bridges 

Waterloo & Black- 
friars Bridges 

Blackfriars & South- 
wark Bridges 

Sonthwark & London 
Bridges 



First 
of Flood. 



1831. 



Ft per 
Min. 

139.8 

149.4 

158. 1 

170.6 



1833. 



Ft per 
Min. 



150.4 
172.9 
174.2 
156.6 



Last 
of Flood. 



1831. 



Ft per 
Min. 

«$$-9 
184.8 
159.6 
493.4 



1833. 



Ft per 
Min. 

170.0 

109.7 

168.1 

154.4 



First 
of Ebb. 



183L 



Ft. per 
Min. 

163.8 

186.0 

161.3 

365.0 



1833. 



Ft pel 
Min. 

170.4 

118.6 

177.7 

317.6 



Last 
of Ebb. 



1831. 



Ft per 
Min. 

169.4 

196.3 

151.0 
337-5 



1833. 



Ft per 
Min. 

191. 3 

138.9 
195.6 

187.1 



AYESAOE LEVELS OF HIGH AND LOW WATEB, IN 1882, 
1833, AND 1834. 



1 


No. of 

Tides 

in 

each 
Year. 


Putney Bridge. 


Kew Bridge. 


Bicbmond Br. 


TeddingtonLk. 


Mean Lbybl of 


Mbav Lbvel of 


Mban Lbtbl of 






High 
Water. 


Low 
Water. 


High 
Water. 


Low 
Water. 


High 
Water. 


Low 
Water. 


High 
Wattr. 


Low 
Water. 


1831 
1833 
1834 


88 
84 
89 


Ft. Ins. 
18 I 

18 6 

18 2 


Ft. Ins. 
8 4 

8 8 
7 8 


Ft. Ins. 

18 8 

19 2 
18 6 


Ft. Ins 

11 11 

12 6 
10 II 


Ft. Ins. 
19 3 

19 9 

18 10 


Ft. Ins. 
»5 9 

16 4 
14 7 


Ft Ins. 
19 7 

19 2 

19 8 


Ft Ins. 

19 4 

20 
18 J 
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VZLOCnXES OF FLOOD AND EBB TIDE, ISth JVHE, 1884. 

(Wind W.S.W. Fresh breeze and clear). From experiments by Messrs. Rennie. 



Stationi. 



Distance 

from 
London 
Bridge. 



Flood Tide. 

(Bead downwards.) 



Time. 



Height 

at 
London 
Bridge. 



Velocity 

per 
minate, 



Ebb Tide. 

(Bead upwards.) 



Time. 



Height 

at 
London 
Bridge. 



Velocity 

per 
minute. 



London Bridge . 
Southward Bridge ... 
BlaekfHars Bridge... 
Waterloo Bridge ... 
Hungerford Market 
Westminster Bridge 

Horseferry 

Vauxhall Bridge 

Chelsea Coll. Siairs 

Chelsea Bridge , 

^mile above ditto .., 

1 mile ditto , 

lido. (Wandsworth) 
Putney Bridge.... 

2| miles 

8 miles 

3i miles 

4 miles 

Hammersmith Brdg. 

5i miles 

6 miles 

6^ miles 



Mites. 

o.oo 

0.18 

0.75 

'.J4 

1.50 

2.00 

4.4* 

a.95 

4.11 

5.04 

6.04 

6.54 

7-54 
8.04 
8.54 
9.04 
9.20 
10.54 
11.04 
11.29 



h. m. 
8 6 

8 30 
853 

9 14 
9 »3 
9 36 
9 50 

10 3 
10 34 

10 55 

11 9 
II zo 
II 31 
II 50 
11 53 
IX 6 

I£ ZO 

iz 30 
fz 35 
*i 15 

X 35 
« 45 



Ft. Ins. 
z 9 
5 I 

?? 

9 * 

10 9 

11 z 
IZ 1 

14 z 

15 10 

16 10 

17 6 

18 o 
18 9 
18 10 



19 3 

19 4 

19 4 

19 z 

17 1 

15 7 

14 II 



Feet. 

0.00 

61.60 
190.08 
147- 84 

94.16 
Z01.40 
160.16 
Z05.04 
Z18.Z4 
Z07.68 
188. 3Z 
Z40.Z4 
Z40.Z4 
Z90.^ 

90.64 
zii. zo 
188. 3* 

26d.OO 

176. oc 
176.00 
I3Z.OO 
I3Z.00 



h. m. 
7 34 
7 ^9 

7 ZO 

7 7 

6 50 
6 40 
6z6 
5 55 

^ ^] 
5 16 

5 a 

4 47 

4 ai 

4 16 

3 58 

3 40 

3 »5 

3 19 

» 35 

Z II 

z o 



Ft. Ins. 
o 10 



I II 

z z 

3 6 

4 4 

4 10 

5 4 
5 " 

7 o 

7 3 

8 o 

8 10 

9 5 
9 7 

II n 

13 3 
13 ri 



Feet. 
Z96.56 
175.44 
14904 
198.88 

ZZ4.40 
198.00 

ZI4.7* 
181. z8 
176.00 
195- 36 
176.00 

\p 

176.00 
146.08 
185.68 
110.00 
119.68 
10.56 



High Water at Lon- 
don Bridge .... 



Low Water . 



p.m. 

IZ 30 

a.m. 

7 35 



19 4 
o 3 



pjn. 
IZ 30 



7 45 



19 4 
o 9 



In 1823 Mr. Giles made the average Telocity of flood tide between 

London Bridge and Putney Bridge 220 feet per minute. 

Do. South wark and Westminster 176 „ „ 

The velocity of ebb tide he found to be 

Between Westminster and Waterloo Bridges 176 „ „ 

„ Waterloo and Blackfriars Bridges 198 „ „ 

„ Blaxikfriars and London Bridges 242 „ „ 

Finally, we give from Mr. Rennie 
The sectional area at Old London Bridge, below Trinity High Water 
Level- 
Before Removal in 1832 8,7(X) sup. feet. 

After do. 1834 17,600 do. 

Greatest. Least. 

ft. in. ft. in. 

At Old London Bridge the fall through was, in 1832 . . 3 6 1 10 

Ditto do. do. 1834.. 5 3 

Range of Spring Tides in 1832 .. 16 9 

Ditto do in 1834.. 19 9 

Low water springs below Trinity datum .. in 1832 .. 15 5 

Ditto do. do. .. in 1834.. 20 3 
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The foregoing remarks are in a great measure drawn from Mr. Rennie's 
treatise. We have embodied them with other observations at our disposal, 
in order to give a picture of what has occurred by the changes of this 
important river, thus offering condensed data for future comparisons. 
The rapid changes even now dailj occurring bj ballasting, and hj the in- 
creased area and flattening of the bed, originally caused by the removal 
of Old London Bridge, renders the Thames a highly instructive example; 
its present state is brought up to 1849, at pages Ixxxii-iii. 



THE SIVEE WAVENE7 

Has some of its phenomena given in the tables at pages Ixxxiv-v-vi; 
united with the Yare, it is emptied by a long narrow channel at Yar- 
mouth Pier, about 1^ miles below the town; here it has a great obstruction 
in the old bridge, which will be shortly removed, and doubtless have a 
very happy effect upon the navigation. Our tabulated observations pass 
above Yarmouth, where the river spreads into a large lake called Burgh 
Flats; they are continued by St. Olave's Bridge, where the Yare has 
divided off from the Waveney proper, and pass on to Beccles; we give 
also the simultaneous height at the Mutford Lock (Wareney side), and 
at Lowestoft Pier. This river is well known to be extremely sluggish in 
its tidal flow, and the form of its mouth and the wide expanse of Burgh 
Flats, with a great want of a deep channel, give all the conditions for bad 
propagation of the wave, consequently small oscillation of tide, and 
deficient drainage. Mutford Lock is remarkable as a point where local 
jealousy of interference with back water, belonging to the Yarmouth 
River, has caused the construction of a lock and gates so arranged as 
to prevent any tidal flow passing to or from the Lowestoft entrance of 
the tidal wave; if the passage were free, these two points, viz., the north 
side of Mutford Lock, and Lowestoft Pier, being only four miles distant, 
would have but little difference in their tidal flow, while a greatly in- 
creased flow would be carried on towards St. Olave's Bridge, with 
advantage to all interests, and prejudice to none, if proper arrangements 
were made simultaneously with relation to the Yarmouth river. 



THE SIVEE mENE. 

In the year 1813 the Commissioners of the North Level (drained by 
the river Nene) applied to Mr. Rennie for advice, which he gave in the 
following year ; from his observations it then appeared that the fall at 
low water from Sutton Wash to Crab Hole (below the sands of the 
Wash) was 12 feet in about 4 miles ; from the surface of the water at 
Gunthorpe Sluice to Crab Hole, a distance of 5^ miles, the fall was 

13 feet ; from Guyhern to Crab Hole, a distance of 17 miles, the fall was 

14 feet 6 inches ; and from Peterborough Bridge to the same point, a 
distance of SO^ miles, the fall was only 18 feet 6 inches. 

It appeared, therefore, evident that the great bar to the discharge of 
the waters of the Nene, and of course to the general drainage of the 
fens, was the high and shifting sands between Gunthorpe Sluice and 
Crab Hole, independently of the narrow and confined state of the river 
above ; Mr. Rennie, therefore, recommended the river to be carried by a 
new cut, of a suitable capacity, across the marshes to Crab Hole, 5^ miles 
in length. 
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The Cut was carried into execution under the direction of Messrs. 
Telford and Rennie, and completed in 1834; the originid dimensions are 
shewn at page xiv, but the section has deepened and generally improved 
since completion; its effects exceeded the most sanguine expectations, 
having reduced the fall between Crab Bole and Gunthorpe to about 
three inches per mile, where it was formerly more than two feet per 
mile ; low water below Sutton Bridge being now five feet below that at 
King's Lynn, (»n the Oase. The scouring effect was so great, that the 
Sutton Wash Bridge, erected during the progress of the outfall, was in 
great danger of being undermined, requiring stone to be thrown in, much 
to the detriment of greater improvement of the river. This has been 
amended last year by the construction of a new bridge, and the old one 
is now being removed (1851). There is no doubt that the cill of the North 
Level Sluice, laid during the making of the Nene outfall, will shortly 
be capable of being lowered more than two feet. For the present sur- 
face fall see the Table, and also page xiv. We have these facts from 
Mr. Utting, Surveyor to the Commissioners, who states that the Nene 
outfall lowered the water at the north level sluice ten feet ; in the town 
of Wisbeach, spring tides rose four feet only, and now rise thirteen feet; 
and neap tides, which in 1769 did not reach the town, now rise nine feet. 

Notwithstanding the enormous advantage of this outfall to the river 
below Wisbeach, yet the narrowness of that town and its bridge have the 
effect of keeping up the waters of the upper Nene, so that there is ordi- 
narily two feet of fall through Wisbeach at low water. 

The tidal flow and sectional areas of the Nene are given at page Ixxxvii, 
from our own observations, taken for Mr. Rendel. Attempts are now 
being made to obtain powers for improving the river through and above 
Wisbeach; but an enormous area of land which should have drained by 
the Nene, with an advantage of five feet fall, is now carried by the Middle 
Level Drainage into the Ouse; there is, however, ample inducement for 
an improvement of the Nene, both in respect of drainage and of navi- 
gation; for the banks and narrows above Wisbeach, and especiaUy 
Guyhem, render the river little better than a shallow pond ; although, 
properly improved, it would have a very free and considerable tidal ebb 
and flow, even at neaps. 



THE BIVEB OTTSE, 

Another of the rivers emptying into the Wash, has a marked bore 
which, like that of the Severn, is created by the shoals at the mouth 
below Lynn, causing a greater fall at the oatlet than further up the 
river. We believe this will be found to be universally the case where 
the bore prevails. The ocean tidal wave comes up from deep water, and 
meeting with the sudden rise and resistance of the bed, the wave assumes 
a head which, too great for its depth, topples over in the characteristic 
form of the bore. 

The £au Brink Cut^ originally projected by Mr. Nathaniel Kinderley, 
in the year 1720, was completed by Mr. Rennie in 1825, according to 
the award of Messrs. Haddart and Mylne ; its object was to conduct the 
waters of the river Ouse by a direct cut across the marshes from £au 
Brink to Lynn, of about two miles and a half in length, instead of 
allowing them to flow by the old circuitous channel of upward of flve 
miles in length. 

The area of Eau Brink Cut, just below Freebridge, at low water 
spring tides, or 2' S" on Freebridge gauge, is 2,620 square feet, the depth 
then being 11' 9' and width at water line 312 feet. 



Digitized 



byGoOgl 



Ixxv 
Rkmarks on thv use or thr Tablbs. 



The area at high water springs, rising to 16' 9" on the same gange, is 
7,879 sqaare feet, the depth then heing 26' 3" and width at water line 
412 feet. 

The surface fall at Ean Brink Cut is given at page xiv. 

In Deceraher, 1821, the tide rose on the average eleven feet ten inches 
on the cill of Old Denver Slaice ; while at low water the average depth 
on the cill was 9*6 inches. 

Since the completion of the Eaa Brink Cut, the results have heen— 

That the low-water mark has fallen six feet lower than it formerly 
stood at Denver Sluice, and from eight to nine feet at Eau Brink. 

That the spring tides now rise at Denver Sluice thirteen feet, and 
neap tides eight feet. 

That the river has deepened between Denver Sluice and Eau Brink 
ten feet upon the average, and its general sectional area has increased 
from one-fourth to one-third. 

That the low- water mark in Lynn harbour has fallen four feet, and the 
navigable channel in Lynn harbour has deepened seven feet ; and that 
where there were formerly twelve feet in depth of water in the inter- 
cepted bed of the old Ouse between Eau Brink and Lynn, there is now 
a tract of 900 acres of land under cultivation, all of which has been 
effected by the process of warping. 

The tide in the Eau Brink flows three hours, and rises in that time 
fifteen feet, at spring tides, thus leaving nine hours of ebb ; the young 
flood then assumes all the characteristics of a bore, rising at the first two 
miofutes from one to three feet, and subsiding again, for a short time, to 
half the first height when the wave has passed on.* 

Notwithstanding the enormous improvement by the Eau Brink Cut, 
low water spring tides at King's Lynn are still about five feet higher than 
in the roads at the entrance of the river, owing to the circuitous course 
of the channel, and the prevalence of bars and banks of sand and mud; 
to remedy this and to aid the formation of the great Estuary of the 
Wash enclosure. Sir John Bennie is now cutting an outfall from opposite 
King's Lynn to the Roads, a length of four miles, which will have the 
effect of bringing dead low water practically up to Lynn, or, in other 
words, lower the water at the end of Eau Brink Cut nearly five feet. 

This new cut is 250 feet wide at bottom, and 500 feet wide at top, and 
32 feet deep; it is 14' 3" deep at low water spring tides, or 2 3'^ on 
Ereebridge gauge, with an area of 3,960 square feet, and width at water 
line of 355 feet. 

The depth of the cut at high water spring tides, or 16' 9" on Ereebridge 
gauge, will be 28' 9" with an area of 9,990 square feet, and width at water 
line of 474 feet. 

The cut passes inland for two miles, and the remaining two miles 
crosses the channel and sand banks of the estuary into Lynn deeps; the 
first portion containing about four millions of cubic yards, has been 
nearly finished in the short space of fourteen months, by the vigorous 
appliances of Messrs. Peto and Betts, forming a work at the present 
moment highly interesting to an engineer. 



THE SIVEE HTTMBEB. 

We have not access to any engineering survey of the tides of the 
Hnmber, and can therefore only give, at page Ixxxviii, the curves of spring 
and neap tide at Grimsby ; diurnal inequality appears to be strongly 

* TUs is chiefly from Mr. S. Rennie's Report on Hydraulics. 
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marked here. Hamber tides are strong, and, like the Case, Severn, and 
Mersey, carry much silt, depositing it capriciously wherever an oppor- 
tunity offers, and readily catting out deep channels in the bed when 
tidal stream is diverted on any spot, from general or accidental causes. 
The great tidal power of thu river and its deep channels offer great 
facility for the effective drainage of the vast area of marsh lands bordering 
upon its ramifications, as is al^ the silt in their warping and fertilization. 



THE B.IVEE TAT | 

Is a river subject to great floods, from the mountainous character of 
its sources, and other causes, much aggravated, occasionally, by the 
effect of the deep Falls on Lock Tay. It is interesting as having had great 
improvements effected on its upper tidal portion, from Newburgh to 
Perth, under direction of Messrs, Stevenson, of Edinburgh, who dredged 
out in this division 815,000 tons, between 1835 and 1841, at an ex- 
pense of about £53,000. 

In a report, made in 1845, by these gentlemen, to the conservators of 
the river, they describe the Tay as draining 2,283 square miles, and having 
a mean discharge at Perth of 218,158 cubic feet per minute*; about seven 
miles below that city, the Earn adds its volume, giving, by the same 
authority, a mean discharge of 54,959 cubic feet per minute. 

The head of navigation at Perth is 23 miles from Dundee, and 32 
from the German Ocean, but the tide extends to 2^ miles above Perth. 

The extreme tides from neaps to springs: — 

At Dundee, range from 7 to 18 feet. > 

At Newburgh, „ „ 6*5 to 15 „ ; 

At Perth, „ „ 6 to 13 „ l 

The depth of water in the Frith ranges from 36 to 54 feet at high | 
water, the bar having about 34 feet at spring tides. From Flisk point to 
Newburgh the river gradually shoals from 30 feet to 18 feet ; and from 
Newburgh to Perth, from 18 to 15 feet at high water spring tides; the 
navigable breadth being scarcely ever less than 100 yards. 

Previous to the commencement of Messrs. Stevenson's improvements, ' 
the river was impeded by fords and salmon weirs, or fishings, so that 
vessels drawing from 10 to 11 feet frequently missed even spring tides. I 
The river was also obstructed by large boulders. The works executed , 
were, in the words of the Beport: — ' 

" First. — The fords, and many intermediate shallows, were deepened 
by steam dredging ; and the system of harrowing, which was so suc- 
cessfully practised on the Mersey, was employed on some of the softer 
banks on the lower part of the river. | 

** Second. — The large detached boulders and fishing-cairns, which ob- 
structed the passage of vessels, were removed by means of lighters, , 
mounted with cranes, and by pontoons. 

" Tfiird. — Three subsidiary channels at Sleepless, Darry, and Balhep- i 
bum islands, were shut up by means of embankments formed of the 
produce of the dredging, so as to confine the whole of the water to the i 
navigable channel. 

* According to this, the amount run off the surface would represent about 21*5 
Inches in the year. The ordinary summer run (July) of the Tay at Perth, amounts 
to 60,000 cubic feet per minute, or 26 cubic feet per minute per square mile, but in a 
dry autumn there Is not above one-third of this quantity. High floods in the Tay have 
discharged, for more than twenty-four hours consecutively, as much as 660,000 cubic 
feet per minute, or 286 cubic feet per square mile, or nearly three-sixteenths of an 
inch in depth over the surfBoe ran off. 
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. " Fourth, — In some places the baoks on each side of the river beyond 
low water mark, where much contracted, were excavated and removed, 
in order to eqtiaJize the carrents, bj allowing sufficient space for the free 
passage of the water. 

" Fifth. — A great part of the dredged material was deposited along 
the banks of the river in a careful manner, so as to form new Fishing 
Beaches, to compensate for the removal of others." 

The commercial effect of these improvements shew that in 1833, 12 
vessels, of 100 to 144 tons and upwards, frequented the port; while in 
1844 there were 37 vessels, from 100 to 400 tons, and the customs rose 
from £2,d69 to £16,837. 

At page Ixxxix we have given, from Messrs. Stevenson's report, the chief 
phenomena of the velocity of the tidal wave and fall of the river surface, 
which the reader will observe have a close relation to each other. For 
instance, between Newburgh and Perth the low water surface fall 

In 1833 was '467 feet per mile. Velocity of wave 301 feet per minute. 
In 1844 „ '233 „ Velocity of wave 452 „ 

So that the tide begins to flow now fifty minutes sooner at Perth, than 
before the improvements. 

The results of observations in 1833 and 1844, at Newburgh, shew that 
the duration of flood and ebb tides at that place are unchanged. The 
times are as follows: — 

H. M. 

Spring tides flow 4 20 

ebb 7 20 

Neap tides flow 4 30 

„ ebb 6 45 

At Perth, in 1833,— 

Spring tides flowed 2 20 

„ ebbed 7 

Neap tides flowed 3 15 

„ ebbed 7 

At Perth, in 1844,— 

Spring tides flowed 3 10 

„ ebbed 7 

Neap tides flowed 3 10 

„ ebbed 7 

Increase of duration flood at Perth 50 

In 1833 the river ran at its natural level at spring 

tide 1 45 

In 1844 it runs at its natural level at spring tide 1 

Giving a decrease in the time of standing at low 
water, or in the absence of tidal influence at 
Perth, at spring tides, of 45 

We have abstracted these facts at some length, because the Tay is & 
most striking instance of the advantages of expediting the tidal wave 
and flow, by the formation of a uniform passage, without any violent 
changes in the form of the channel itself, and at a comparatively moderate 
expense. 
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THE EIVES TTNE, 

From want of improyement, has seen other ports rapidly outstrip its 
ancient pre-eminence; the river suffers grievouslj from a bar, and also 
from being subject to great floods at the point where the tide meets, which 
in the course of ages have brought down heavy gravel deposits. These 
floods, from want of proper train and regalarity of conservation, do 
great harm when thej might be productive of good. The bar of the Tyne 
has a very serious effect on its general feature, being literally a weir 
preventing the proper flow and ebb of the tidal waters, which is again 
further checked hv the large expanse of Jarrows lake within the river 
mouth (like the Burgh flats on the Waveney), which aids greatly in 
checking the concentration of tidal flow up stream. Plate VIL gives 
the form of the wave when high water at Newcastle. 



THE SITES CLYDE 

Has had large sums of money spent in deepening its bed and regulating 
its banks. These works have been similar to those described on the Tay, 
and have been equally effective. High water at springs now rises nearly 
two feet higher than before the improvements, and the draft of water is 
increased from six feet to fourteen or fifteen feet, while the time of high 
water at Glasgow is accelerated twenty minutes, and the time of young 
flood far more, and on the ebbing out has been equally delayed. At 
pages xciv-v-vi, are the chief phenomena of the river, placed in a simi- 
tar manner with those of the Tay. 



THE BITES MESSET 

Is too well known to require much reference. We have given, in Plate 
VI., the form of tidal wave, from observations taken with extreme 
accuracy, in the parliamentwy contest for the Birkenhead Docks. ' The 
river is loaded with sands at its mouth; but the vast body of water passing 
in and out offers a powerful check on the counter effect of winds and 
waves on the vast shifting sands. In the diagram, the growing up of 
the tidal wave, at the narrow part opposite Liverpool, the faltering again 
at the wide expanse between Eastham and EUesmere Port, and the 
heading up again when narrowing at Runcorn, is shewn very strikingly. 
The great rise and volume of tide, and straight even sides not t-oo far 
within the mouth, are the great safeguards of the port of Liverpool; 
the ample dock space, and cheapness of construction from the rock foun- 
dation, and tidal ebbing off, give the great pre-eminence of Liverpool as a 
port. The phenomena of springs and neaps from the mouth, to War- 
rington the head of the tidal flow, are given at pages xcvii-viii-ix. 



THE SITES DEE, 

In form, is strikingly the reverse of Liverpool ; an injudicious mode of 
enclosure, unaccompanied by proper dredgings, has rendered useless 
what might have been a great improvement of its upper course ; while 
the want of a proper application of capital lower down has permitted 
evils to gather strength. 
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Even with the serious sand banks at the months, and the want of a 
great natural channel inside, to give direction and effect to the currents, 
we still are of opinion that a sum of money, boldly spent, would effect a 
vast revolution in the commerce of the Dee, and witn great benefit ; for 
Chester is well placed for commercial intercourse with the mining dis- 
tricts and potteries. 



THE BIVEE SEVEBH. 

The river Severn was surveyed in 1849 by Captain Beechey, F.B.S., 
by order of the Lords of the Admiralty. A short statement accompanies 
his elaborate maps, and from these documents we have compiled the in- 
formation given at pages ci., cii., ciii., Captain Beechey's labours are here 
condensed into a form that will be best understood by a careful exami- 
nation of the tables. The phenomena of the bore are shown to fluctuate 
in the inverse ratio of the velocity of the tidal wave, and in connexion 
with this, it will be observed that the fall of the Severn increases as it ap- 
proaches the sea; with this fact the cause of the bore is closely connected; 
as we have before hinted in the case of the Ouse at King's Ljnn, in the best 
form of rivers, the surface fall generally decreases in approaching to the 
tideway. 

Low water at spring tides below Lidney is (as ordinarily) lower than 
at neaps ; but above Lidney the reverse takes place ;* this Captain 
Beechey thinks is occasioned by the waves throwing more water into the 
river than can escape at spring tides. The form of high and low water 
springs and neaps is shown at page cL It will be seen tliat the maximum 
height of springs is between Framilode and BosemAry, dropping down- 
wards to Haw Bridge, after which it ascends, until lost in the ordinary 
slope of the river. The diagram, Plate YII. shews the most charac- 
teristic surface lines. 

The table at page ciii shows the progress of the crest of the tide- wave, 
the rate of the bore and the rate of the stream answering to the various 
ranges of the tide at Sharpness, including times when the river was under 
the influence of strong freshes. Between Sharpness and Hock Crib, the 
wave passes at an unusually rapid rate. And Captain Beechey thinks it 
is possible that the perpendicular surface of the cliff at Hoctk Crib, 
and its situation at right angles to the progress of the wave, may occasion 
a premature high -water at that particular spot. In the following table, 
therefore. Hock Crib is omitted, and the interval between Sharpness and 
Newnham is taken. 

TABLE OF VELOCITY OF THE TIDAL WAVE AND BOBE OF THE 
SEVERN AT 8PBIK0 TIDES. 

Between — tidal wave. bosb. 

Feet per Min. Feet per Min. 

Beachley and Sharpness 1,600 374 

Sharpness and Newnham 1,944 587 

Newnham and Framilode 1,900 475 

Framilode and Rosemary Point .... 992 820 

Rosemary and Stonebench 870 526 

Stonebench and Haw Bridge 1,053 138 

Haw Bridge and Hythe Bridge 729 123 

Hythe Bridge and Upton Bridge . . 1,053 820 

* This Is not unfrequently the case in rivers having many shoaU and eonsiderable 
fall in thuir bed. 
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"After passing Framilode, the rate of the tide-wave suffers a material 
diminution between that place and Rosemary Point. The river, after much 
encumbrance from sand-banks, assumes its average contracted dimensions, 
from which it afterwards scarcely deviates to any amount. There are 
besides some very sharp turns in the river at and above Rosemary, all of 
which assist in retarding the progress of the wave, so that its rate is re- 
duced to about 10 miles an hour, or half the rate at which it travels at 
Sharpness ; and at this reduced rate nearly it continues its progress up 
the river as far as the observations can be made with accuracy. 

" The Bore, or the foot of the wave, travels at a very irregular rate; its 
advance at all times depends upon the magnitude of the tide ; but, in 
addition to the irregularity arising from this cause, its speed is affected 
by particular winds, by the shallowness of the river, and especially by 
low dry sand-banks. The inclination of the surface of the water it has to 
surmount also appears to produce a sensible effect upon its rate of travel- 
ling. Thus, between Beachley and Sharpness, where the ascent of the 
low-water surface is 1*75 feet per mile, the bore advances at the rate of 
870 feet per minute ; and between this place and Rosemary Point, Where 
the ascent is 1*12 feet per mile, the rate of the bore is still only 550 feet 
per minute ; but from Rosemary upwards, where the ascent is only 0'12 
foot per mile, the rate increases to upwards of 1,300 feet per minute, and 
this easy ascent continuing, the wave continues to roll up the river at a 
speed nearly double that of its original rate. It must, however, be borne 
in mind that in all that part of the river where the rate is so small, the 
river is encumbered with sand-banks, which are the causes also of the 
rapid descent of the river-surface, the space being occupied by numerous 
small rapids. 

** On a comparison of the rates of the tidal wave and the bore, it appears 
that, in the early stage of the tide, the crest of the tide- wave is rapidly 
overtaking the bore and, consequently, momentarily increasing the height 
of it ; and there can be no doubt that this retardation of the foot of 
the wave, occasioned by friction of shallows and sand-banks, is the 
primary cause of the bore. Above Rosemary, the bore, unobstructed 
by sand-banks, rolls on at a rate which more than equals that of the crest 
of the wave ; and the phenomenon is shortly found to diminish, to lose 
its wave character as it proceeds, and to become scarcely perceptible above 
the Partings (Gloucester). 

"When the reaches of the river are straight, the bore travels evenly up 
the river ; but at the turnings it is thrown off towards the further side, 
where it rises higher than in the straight reaches ; thence it recoils and 
impinges upon the opposite shore, and so, like a disturbed pendulum, it 
oscillates from side to side, and only regains its steady course when the 
reaches lengthen. 

" The highest tide of the year rolled up the Severn on the Ist of De- 
cember. There was about 2 feet of water above the ordinary summer 
level in the river, and the morning was calm and favourable to the 
phenomenon. The stream at low water ran down at the rate of 250 feet 
per minute, until the bore came rolling up the river with a breast from 
5 to 6 feet high at the sides, and 3 feet 6 inches in the centre. The wave 
was glassy smooth, and as it advanced towards a spectator stationed at 
Stonebench, a singular effect was produced by the distorted surface of 
the wave reflecting the rising sun, and brilliantly illuminating the stems 
and branches of the wood skirting the river as the bore passed along ; an 
effect which greatly enhanced the interest of the phenomenon. The 
stream turned at the instant after the bore passed, and ran at the rate of 
380 feet per minute, which was about half the average rate of the bore, 
which varied from 12 to 7 miles per hour. 
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** In the table the effect of the fresh, or a certain depth of water in the 
riyer, upon the advance of the bore is remarkable. At dry periods the 
great obstmction to the progress of the bore lies between Sharpness and 
BoUopill ; and, at snch times, the many dry sand-banks prevent t^e 
bore attaining a rate greater than about 4 miles an hour, as shewn in the 
table ; but when the river is under the influence of freshes, and the water 
raised, coyering some of the banks, it appears to roll on at a rate of 
■ 10 miles an hour in opposition to the stream, which about Hock Crib is 
there running down at the rate of upwards of 4 miles an hour. 

The state of the surface fall of the river Severn in flood, which we have 
tabulated in conjunction with the sectional area, &c, at page cii., will be 
found of great yalue, being a rare example; at pAg|3s zxvL, xxvii., we 
have given a short statement of the discharge of this river in the flood 
of De cemb er 4th, 1849, and its relation to the drainage area on that day. 
Plate VUL gives the form of spring tide of this river, with its summer 
low water and flood surface. 



CONCLUDING BEMABKS. 

We haye now finished our sketch of the different rivers of which the 
succeeding pages afford the date referred to ; the object has been to 
pourtray the actual conditions of things and their effects ; such as the 
ydocities of the tidal wayes, sectional area, width, depth, &c., of each 
case ; so that any one wishing to search for a precedent as it were, to 
shew what may be expected, under giyen circumstances, can here find, 
at all events, an approximation to the investigation Mucb more could 
be done if professional men would find time to follow up the subject, and 
we haye an earnest hope that this wiU be done. Constant calls from our 
daily avocations have broken in upon and frequently destroyed the work 
of long previous consideration, which has had again to be tt^en up at a 
great sacrifice of time and labour. In the labour we haye, at all events, 
found that there is a mine of unexplored phenomena open to inquiry ; 
the great aim of our own study has been to trace out the bearings of the 
laws of gravity, with which the Tables commence, and which determine 
all hydrodynamic computation, and to shew how they are affected by 
friction, and other resistances ; all are mere modifications of this first 
cause, and the practical result of their yarious forms and conditions is 
what the Engineer requires for a skilful adaptation of his works. 

The succeeding pages contain the tides of the several rivers we have 
described. At the end will be found a few diagrams, shewing the form 
of tidal flow, and the section of the river bed of the Mersey, Severn, 
lyne, and Nene ; preceded by the tide charts of the Irish and English 
Channds, referred to in the abstract of Captain Beechey's paper ; Uiere 
is also added a map of the world* with cotidal lines firom Airy and 
Whewell's maps. 
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TABLE 07 THS BI8E AHD FAIL 07 A SFSHTG AHD HEAP TIDB 

At the ondecmentioiied points, taken simultaneously from the Ordnance Metropolitan 

Surrey obsenratlons, in 1849. 

^oto.— Zero is 20 feet beloir the Ordnance datum or mean half-tide level at Liverpool, 

which is 12JS beloir Trinity high water standard. 



SFBIira TIDE, JuBB 20th, 1849. 


NEAP TIDE, 


June SOth, 1849. 


TIKE. 


Deptfloid. 


^^ 


Batter- 
sea. 


TIME. 


Deptford. 


i%'^ 


Batter- 
sea. 


H. M. 


Feet. 


Feet. 


Feet 


H. M. 


Feet 


Feet. 


Feet. 


7 30ajn. 


13.6ALW 


i$.oo 


Wd 


30ajn. 


15.78 


13.70 


10.90 


8 „ 


13.66 


17.60 


!,2 " 


15.40 


11.55 


8 30 ., 

9 „ 


15.43 
18. 27 


16.05 
15.60LW 


s" 


19.61 


17.00 
19.60 


04. 10 
a5-75 


9 30 „ 


10.8$ 
*3.56 


10.80 


19.80 


.5^5 »» 


17. 15 


10 „ 


IJ.05 


10 „ 


3a 10 


30.20 


18.50 


10 30 „ 


im 


15.40 


11.15 


10 30 „ 


^.S 


30.30 


18. 9 J 


no; 


S:S 


mi 


* -^ »' 


19.30 


18.80 


ii 30 ;^ 


»9.i« 


1^2 " 


^^ 


17.60 


17.50 


12 „ 


IV.U 


30.30 
31.00 


17.85 


'f *5. " 


15.90 


16.10 


30pjn. 


30.80 


30pjn. 


13.10 


14.40 


14.70 


1 „ 


\U] 


31.80 


! o2 " 


11.65 


13.00 


3-45 


i 30 „ 


33.45HW 


31.85 


i ^2 " 


10.33 


11.60 


11.15 


2 „ 


31.71 

«9.64 


31.7$ 


31.15HV11 


* .® " 


19.00 


ia30 


11.10 


2 30 „ 


so. 95 


31.10 


?^2 " 


16.11. 


19.10 
18.10 


10.15 


3 „ 


*7-43 


19.00 


19.10 


* «® « 


10.15 


3 30 „ 


»$.4« 


17.00 


17.50 
16.10 


?*2 " 


16.08 


16.30 


♦ „ 


»3.73 


15.30 


♦•® »♦ 


15.49 


4 30 ,^ 


XX. la 


«.8o 


14.70 


4 30 „ 


MS'tO 


\IX 


1% 


6 


10.56 


11.15 


13.40 


6 0,. 


Wei 


6 30 „ 


19.14 


10.85 


11.10 


6 30 ;, 


18.45 


16.40 


i 55ajn. 


13.60LW 






10 5a jn. 


30.15HW 


.. .. 


.. .. 


8 16 » 


.. *. 


14. isi-w 




10 20 „ 




JO.JOBW 


•. 


1 I6pjn. 


31.14HW 


*• •• 


• 


10 40 „ 


.. •• 


•• •• 


19.05KW 








• 


4 lOpjn. 


15. 39^w 


•• •• 










4 40 „ 1 


•• .. 


15.80LW 











•. •• 


.. .. 


16. IOL,W 



VEJLOGITIBS OE THE HEAD AHD FOOT 07 A TIDAL WAIOS, 

From the above observations. 
8PBIH0 TIDE, June gOth, 1849. 



8TATI0H8. 


Dis- 

taxLces 


Tidal 
Eaoge. 


Intemlof 
Passage 

OF 


Bate per 
MiBiite. 


Foot Of 
Wave. 


Head Of 
Wave. 


Foot. 


Head. 


Between 

Deptford and London Bridipe 

London Bridge and Battersea 


Feet. 
10,600 
15,700 


Feet. 
I9-54P 
19. 30 1 

16.S6B 


Hins. 
10 
45 


Mins. 
15 
30 


Feet. 

1,030 

571 

712.8 


Feet. 


Deptford and Battersea... 


46»S00 


65 


45 


1028.8 





NEAP TIDE, June 20th. 1849. 



STATIONS. 



Dis- 

taooes 
Apart. 



Tidal 
Baoge. 



Interval of 
Passage 



Foot of 
Wave. 



Head of 
Wwre. 



Bate per 
Xinnte. 



Foot. 



Head. 



Between 
Deptford and London Bridge 
London Bridge and Battersea 

Deptford and Battersea 



Feet. 
10,600 
15,700 



46,800 



Feet. 

14.76D 

14.501 

18.951 



Hins. 



15 

10 



70 



85 



Feet 
686.6 
641,5 

661.4 



Feet 

i,373-» 

1,185.0 

1,823 
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V£L0€TnE8 07 THE HEAD AHD FOOT 07 A TIDAL WAVE, 

At a Spring and Neap Tide, from St. Katharine's Docks to Teddington Lock, from 
Mr. Page's observations in 1846. 



8PBIK0 TIBE, April 25ih, 1845. 



Haxnei of Stationf. 



IMa- 
tanoef 
apart 



Tidal 
Bange 



Interval of 
Passage 



Foot Head 

of I of 

Wave.Wave 



Bate per 
Minute. 



Foot. 



Head. 



Between 

St Katharine's Docks and Battersea Br. 

Batieraea Bridge and Putney Bridge .. .. 

Pntner Bridge and Kew Bridge 

~ -- ... j^^^ 



Feet 
i9,i6o 
15,840 
20,700 
z6,40o 



Kev Bridge and Teddington I 

St Katharine's Docks and Tedding. Lockll01,100 



Ft In. 
19-75K 
14.50B 
11.67? 
9-49K 

8.26 T 



Mins. 
70 



Mins. 
17 



Feet 

45*. 6 
457 



107 



Feet 

788 
1,584 
1,980 

587 

946 



NEAP TIDE, Kay 1st, 1846. 



Hames of Stations. 



Dis- 



apart. 



Tidal 
Bange 



Foot 

of 

Wave 



Xntenralo 

Passage 

or 



Head 

of 
Wave 



Bate per 
Minnte. 



Foot 



Head. 



Between 
St Katharine's Docks and Battersea Br. 
Battersea Bridge and Putnev Bridge . . . . 

Patnev Bridge and Keir Bridge 

Kew Bridge and Teddington Lock 



Feet 
29,160 
15,840 

700 
400 



2: 



8t Kathaiiae's Dodo and Tedding. Lock 101,100 



Ft. In. 
15- 50: 
11.50 
10. o 
6.16K 

0.60T 



I 



Mins. 
85 



Mins. 
40 
30 
20 
65 



Feet 
343 



166 



Feet 
868.6 



BES17LT8 OP THE TIDAL OBSEBYATIOirS, 

TAKBN FOB THB OBDHANCB SUBYET OV THB MBTB0F0LI8, 
BETWEEN 19fh JUNE and 19th JULY, iB&, 
2U«f» in 10 Mmutaf obsenaUont. 



The zero of the heights is 20 feet below Ordnance 
datum or mean half-tide at Liverpool. 



Deptfird. 



Batter- 



Highest High Water observed dnring the month 

Lowest Low Water „ „ , 

Mean High Water fortbe month 

„ LowWater „ 

Mean Half-tide „ 

Mean Half-tide at London, above approximate Half-tide 
at Liverpool i , 



Feet 
33.14 
10.81 
30.^ 
13.06 
aa.oa 



Feet 
33.45 
11.75 
31.13 
13.65 
12.44 

2.44 



Feet 
34.15 
14.45 
29.95 
15.04 
22.50 

2.50 



HEIGHT OP TBINIT7 HIOH WATEB KABK8 AB07E ZEBO. 

Mark at Lomer's Quav, Billingsgate 31.36 Feet 

„ Hermitage Entrance, London Docks 32.50 

„ Shadwell Entrance, London Docks.... 32.59 

,, LlmehoQse Entrance, West India Dock Basin 32.7c .. 

SouthDock ji.^J " 

„ Blackwall Entrance, South Dock 32. 7« " 

„ „ WestlndiaDock ja.77 ^ 



Digitized by VjOOQIC 



Ixxxir 

RsMARKg ON THE USB OF THE TaBLES. 

















mnonth 


TID£S 


OF THB WATENEY. 


lABLE 07 THE BISE ASD FALL 07 THE TIDE 

Datam line 6 feet below Old Zero at Hutford Bridge. 


HEAP TIDE, Xaroh 2Ut, 1860. 


Time. 


Yar. 
mouth 
Pier. 


Yar- 
mouth 
Bridge. 


Bnrgh 

PlAtl. 


St. 
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St 
Peter'e. 
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Mut- 
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4 «l 
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5 5i 
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7 30 „ 
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i 3i 


4 If 
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5 »f 
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« „ 
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5 »i 
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4 7f 


5 of 


5 *i 
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9 „ 


1 Hi 


» lOi 


3 91 
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« 7 
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« 4i 
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3 SI 
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» 94 
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4 ^ 
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4 5l 
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« „ 
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4 6 
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1 

TIDES 

TABLE 07 THI 

At variOTB points, taken lima 

to 


OF THE WAVEFET. 


E RISE AND FALL 07 THE TIDE 
Itaoeonsly flnom the month of the river at Yarmonth 
Becclea and at Lowestoft 




Datom line 6 feet below Old Zero at Mutford Fridge. 1 


SPBIire TIDE, Xarch 39th, 1850. | 
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Tar- 
mouth 
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mouth 
Bridge. 


Burgh 
riAti. 


8t 

Olave'B. 


Burgh 

St. 
Peter's. 


Beooles 


Kut 
fiord 
Lock, 

N. Side. 


Lowes- 
toft 
Pier. 


H. 


x. 


Ft Ins. 


Ft Ins. 


Ft Ins. 


Ft Tmi. 


Ft Ina. 


Ft Ins. 


Ft Ins 


Ft Ins. 


6 


Oa.m 


1 6J 


« 32 


3 i| 


3 "2 


4 51 


4 61 


4 52 


I 6 


6 


30 „ 


3 "i 


3 6k 


3 ij 


3 "i 


4 42 


4 5i 


4 42 


3 o 


7 


„ 


4 7J 


4 oi 


3 41 


3 io2 


4 32 


4 4i 


4 32 


3 lo 


7 


30 „ 


5 oi 


4 4i 


3 9i 


4 of 


4 *2 


4 32 


4 x2 


4 4 


8 


„ 


5 Jj 


4 7i 


4 oi 


4 »2 


4 i2 


4 2i 


4 i2 


4 8 


8 


30 , 


5 5i 


4 9i 


4 If 


4 32 


4 »2 


4, I* 


4 i2 


5 I 


9 


„ 


5 9i 


4 .0* 


4 5J 


4 52 


4 3i 


4 I 


4 li 


5 5 


9 


30 „ 


5 10^ 


6 Oi 


4 62 


4 6f 


4 4i 


4 If 


4 4 


5 9 


10 


„ 


5 loi 


5 ij 


4 8f 


4 «f 


4 52 


4 3i 


4 5f 


6 I 


ID 


30 „ 


5 9i 


s li 


4 92 


4 lof 


4 71 


4 52 


4 7 


6 5 


M 


„ 


5 7i 


5 li 


4 "« 


4 "2 


4 »2 


4 72 


4 8i 


6 3 


il 


30 „ 


5 oi 


5 oi 


5 oS 


5 i2 


4 loi 


4 92 


4 9f 


5 9 


12 


« 


4 Ji 


4 9i 


5 oj 


5 *f 


5 oi 


4 lof 


4 "2 


5 o 





30 p.m. 


J »i 


4 »i 


5 oi 


5 3i 


5 li 


4 iif 


5 I 


4 I 


1 


n 


» 6* 


3 9i 


4 7£ 


5 1* 


5 i2 


5 oi 


5 * 


3 II 


1 


30 „ 


a ij 


3 6i 


4 5i 


4 II* 


5 If 


5 If 


5 x2 


X 9 


2 


„ 


1 7i 


3 3i 


4 *l 


4 92 


5 i2 


5 ^2 


5 a 


I II 


2 


30 „ 


1 I* 


X Hi 


4 of 


4 8i 


5 of 


5 »2 


5 I 


I 5 


3 


„ 


o Si 


a 7i 


3 lof 


4 61 


4 "2 


5 I* 


4 iif 


O lO 


3 

4 


30 „ 
„ 


o 4* 
o zk 


« 4i 
a ai 


3 92 
3 72 


4 52 
4 41 


4 loi 
4 «f 


5 oi 
4 "2 


4 lo 
4 92 


O T 
below MTO 
o 3 


4 


30 . 


o 1* 


» oi 


3 61 


4 31 


4 71 


4 io2 


4 8i 


O 7 


5 


n 


o J* 


I "i 


3 Si 


4 i2 


4 61 


4 9 


4 7 


1 


6 

6 


30 . 
„ 


o »i 
o Ji 


I Hi 
» li 


3 42 
3 31 


4 <4 
3 "1 


4 5f 

4 4i 


4 « 

4 6f 


4 6 

4 4f 


o 
aboro 

1 8 
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TIDES OF THE WATENE7. 



TABLE OF 7SL0GIXIE8 OF THE HEAD AHD FOOT OF TIDAL WAVE, 

Fnnn Taimoath Pier to Beodes Bridge, and to Lowestoft^ at a Spring and Neap Tide. 



HEAP TIDE, Xaxeh 21rt, 1850. 



Hamei of Stations. 



IMa- 

tanoM 
apart 



Tidal 
Baage 



Foot I Head 

of of 

Wave 'Wave 



Interval 
Passage 



Bate ^ 
Xiniite. 



Foot. 



Head. 



Between 
7annoiith Pier and Tarmoath Bridge 

Yarmonih Bridge and Burgh Flats 

Burgh Flats and St Olave's ..^.^........ 

St Olave'B and Burgh St Peter's. 

Burgh St Peter's and Beoeles , 

Tarmonth Pier and Beodes , 



Tarmouth Pier and Loirestoft . 



Feet 
13,860 
to, 988 
25,070 

34.980 



126,884 



38,148 



Ft In. 

3 3 
I 10 
I 2 
o 10 
o 7* 
BlU 

4 o 



H. X. 

30 

1 30 

o 30 

1 30 

o 30 



480 



H. M. 

o 30 

30 

1 O 

30 

1 30 



Feet 
46» 

m 

869 

3*7 
116.6 



Feet 
461 

700 

434.5 
981.1 
388.7 



4 



o }o 



464.2622.8 



1*71.6 



8PBIEG TIDE, Karch 29th, 1860. 



Hames of Stations. 


Dis- 
tances 
apart. 


Tidal 
Bangs 


Interval of 

Passage 

o» 


Bate per 
Minnte. 


Foot 

of 

Wave 


Head 

of 
Wave 


Foot 


Head. 


Between 
Tarmonth Pier and Tarmouth Bridge ... 

Tarmonth Bridge and Burgh Flats 

Bnr^ Flats and St Olave's 


Feet 
13,860 
«>,988 

16,070 

»9.436 
34.9«o 


Ft In. 
5 9 
3 * 
I II 
I 44 

I 0* 

1 U 

7 


H. X. 

30 

1 30 
I 
I 
1 


H. x. 
1 
I 

I 
c 30 
I 


Feet 
46a 
461 
434-5 
491.6 
583 
417.8 


Feet 

131 

349.« 

434-5 

981.* 

583 


St Olavtf a and Bmvh St Peter's... 


Burgh St. Peter's and Beodes 






126,884 

38,148 


5 


4 80 

I 


464.2 

635.8 


Tarmouth Pier and Lowestoft ..» 
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Remarks ox the 


USB OF THE 


Tables, 






TIDES OF THE HENE. 

TIMES AHD EEiaHTS OF HiaH Aim LOW WATEB, AT SFBIKG 
AKD FRAP TIDES, 

With Sectional Area, Width and Depth at eaeh place. 

From obeervationB taken nnder the direction of J. H. Bendel, Esq., Flt.8. 
Datum cm <f the North Leva mulet. 


Stations 

and Sections of 

River at 

High Water, 

April 17th, 1861. 


IHs- 

tanoei. 


Spring Tide, Aprill7,185L 


Heap Tide, April S4,1S51. 1 


High Water. 


Low Water. 


Higi Water. 


Low Water. 1 


Time. 


Height 


Time. 


Height 


Time. 


Height 


Time. 


Height 


Area. Wdth. Djidu 
BqJt. Ft. Ft. 

PhilUps'Brewery 
1563 1x0x19 

Waldenea Sluice 
1464 iixxaj 

Guyhim.. 


Feet 

} 6,600 
|i*,54o 
16, 500 
1 17, 160 
[*5.o8c 
1*7,720 


H. M. 

a.m. 
8 15 

8ao 

850 

920 

10 

" 5 
p.m. 
I 5 


Ft. In 

*o c 
19 6 
19 I 
18 9 
16 9 
16 6 
16 5 


H. M. 

ajn. 
$30 
5*0 

6 

7 >5 

8 

9 5 
II 


Fi. In. 

5 I 
8 6 
If I 
ij 6 
14 10 
16 5 
16 7 


H. M. 

p.m. 
055 
» 5 

* 10 

1 55 

I 15 
4 20 
6 ao 


Ft In. 

i3 
I* 9 

13 

14 * 
13 9 

15 3 

16 


H. M. 

a.m. 
9 
9 45 

10 30 
pjn. 

10 

1 20 
* *o 
4*0 


Ft In. 

5 6 
7 7 
911 
II 9 
X] 3 

15 a 

16 


143* 140x14 
Cross Guns 

4x1 57x1* 
Dog and Doublet 

736 8*x 8 
Peterborough ... 

500 60X 9 


105,600 


nrcuHATioir of bives stjbfage at times of high ahd low 1 

WATER AT WISBEACH. | 


Stations 

and Sections of 

River at 

Low Water, 

April 17th, 1861. 


Bis- 
tanoes. 


Spring Tide, Aprill7,185L 


Heap Tide, April 24, 1851. 1 


Height on* 
Gauge. 


Inclination 
VMUe. 


Height on 
Gauge. 


IncUnation 
^ Mile. 


At 
H.W. 


At 
L.W. 


At 
H.W. 
FaU. 


At 
L.W. 
Rise. 


At 
H.W. 


At 
L.W. 


At 
H.W. 
Fall. 


At 
L.W. 
Rise. 


Are*. Wdth. Dpth. 
dq-Ft. Ft. ft. 

Horseshoe 

wisbeaehBridge 

PhUllpe'Brewery 

469 8ox 8 
WalderMaSluioe 

Gn7n{ni....Tr ...... 


Feet 

4»6»o 
1 1,980 
|i*,54o 
|i6,5«w 

17, 160 
1*5.080 
1*7,7*0 


Ft In, 
20 
19 10 

'9 5 
i» 6 
17 
16 i| 
16 3 
16 7 


Ft. In. 
$ % 
7 > 
« 5 
II * 

14 J 

15 

16 J 
16 7 


Feet. 

.185 
1.1*0 

.J87 
.480 

.*7C 
RlHe. 
.0*5 

.063 


Feet. 

2.091 

3.547 
1. 157 
.985 
.*30 
.*63 
.063 


Feet. 
13 
I* 10 
I* 7 
f* oi 
I* II 
13 * 
t5 1 
15 6 


Feet 

5 6 

6 7 

7 8 
10 
I* II 
13 * 
15 > 
15 6 


Feet 

.185 

.666 

.**7 

Rise. 

.*8i 

.077 

.400 

.080 


Feet 

«. 
i.*34 
*.88o 
.981 
.934 
.077 
.400 
.080 


678 ijox 9 
Cross Ouns 

Dog and Doublet 
730 8*x 8 

Peterbarengh ... 
500 60X 9 

Average......... 


105.600 


.171 


.566 


.125 


.500 
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Remarks 


OH THE USB OF 


THE Tables. 






TIDES OF THE El 

AT OBXAT OBOCBET 


nrBKR, 

1 

F A SFBIVO k HEAP TIDE, \ 

I IndqnaUty tor thzee saeeeealTe ' 
p Tides. 

TOfisetLoek. 1 






re THE BI8E AHD EALL 

16 Tidal Kange, and Seml-dlarna] 
days of Spring and Neaj 


TABLE SHEWn 


Datam Line 4 feet above GiU of 


SPBINO TIDES. 


HEAP TIDES. 1 


Oet. 5, 1846. 


il4 


S o o «« 

^ M rt rt 


Oet 14, 1846. 


^H 




Time. 

1 


Hght 


Time. 


ETgllt 


1 


e 

a. 




1 


1- =0 

d2 '«* 


) H. M. 

ajn. 

5 

6 30 

6 

6 30 

7 

7 30 

8 

8 30 

9 
9 30 

10 

10 30 

11 

11 30 

12 

n-6 

1 

1 30 

2 

2 30 

3 

3 30 

4 
4 30 
6 
6 30 
6 4* 


H. W. 

ft. ins. 
*4 7 

14 o 

*3 o 

11 6 

ao J 

.8 6 

i6 5 

iJ 9 

" 3 

8 9 
7 o 
4 9 
i 3 
a o 
I 4l 

L. W. 

I 3 
z 6 
4 3 
6 3 

9 3 

la a 

«4 9 

17 4 

19 8 

ai 6 

aa 4 
H. w. 
aa 8 


H. M. 

ajn. 
7 

7 30 

8 

8 30 

9 
9 30 

10 

10 30 

11 

11 30 

12 

p.m. 
6 30 

1 

1 30 

2 

2 30 

3 

3 30 

4 

4 30 
6 

5 30 

6 
6 30 
6 40 


u w. 

ft. iDB. 

6 6 

6 9 

7 3 

8 o 

8 9 

9 8 

10 8 
la o 
n o 

13 lo 

14 8 

15 4 
>5 9 

H. W. 
15 10 

15 9 
»$ 5 
14 10 
14 3 
13 3 
la J 

11 I 

10 4 

9 6 

9 
u w. 
8 II 


t 


I 


i 




i 


1. -' 


H 
O 

to 

M 

< 
P 

M 

H 


1 
1 


It 




to 

P 

M 

H 


1 
1 


II 


1^ .-,. 


i 




1 


>iPgo 


1 
1 


II 


3 ^mO 


1 
1 


|l 




J 


W « o o 


1 




1 
1 


II 




1 

t 


II 




1 




1 




•S - d 


l=f=^ 


III 


f ^ ^^ 




^ & s 


P ee 


September 13th .. 

October i4tb 

November I zth .. 
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TIDES OF THE TAT. 

BESULTS 07 TIDAL OBSEBYATIONS, 

Made at Tarioos times between 1838 and 18H by Measra. Stevenson of Edinburgh, 
shewing the results of the improvements in the river, by dredging, &c 



Stationi. 



Diftanee. 



1883 ft 1884. 



Diif. 

of 

H.W. 



Vel. of 
Tidal 
Wave 

per Min, 



1842, 1848, 
and 1844. 



Diif. 

of 

I.W. 



Vel. of 

Tidal 

Wave 

per Min. 



Iniiirovoiitiit* 



Time. 



Velocity 



Hinate. 



Between 

Dundee and Balmerino 

BalmerinoandFlisk Point 
Flisk Point and Balmbreich 
Balmbreich and Newburgh 
Newbnrgh (a) and Perth (6) 

Dmidee and Perth 



Feet. 

26,400 

10,771 
18,058 
45.197 



Mins 
t6 



Si 

150 



Feet 

i,6so 
533-4 
414.3 
340.7 
301.3 



Mins. Feet. Mins. Feet. 



Mme as in the yean 18S8 
and 1834 



Newburgh (a) and Carpon... 

Garpon and Kinfauns 

Kinfauns and Perth (6) .. 



116,896 

7,oza 
45.9*5 
iz, 150 



274 



422.9 



f not 7 
< observed y 
I in 1834 j 



224 

as 
55 

lo 



517.4 

z8i. 

461.3 
612.5 



60 



150.7 



94.6 



LEVELS OF HIOH WATEB SITBEACE. 

The levels of the surface of high water, at diiferent stations, have been found to be 
unchanged, and the following results refer to the years 1838 and 1844. 





Dis- 
tances. 


Spring Tide, 
1833 ft 1844. 


Keap Tide, 
1883 ft 1844. 


IStatioxLS. 


Rise. 


Fall. 


Miir 


Rise. 


Fall. 


Rate per 
Mile. 


Between 
Flisk Point and Balmbreich 
Ba1mbi«ich and Newburgh 
Newburs-h and Perth 


Feet. 

10,771 
18,058 

45.197 


Feet 
.62 

I. CO 


Feet. 
•4* 


Feet. 
.206 
.181 
.117 


Feet 

.50 
1.00 


Feet. 
21 


Feet 

.lOJ 

.145 
.117 





LEVELS OF LOW WATEB SUBFACE. 





Difl- 
tances. 


Spring Tide, 


Spring Tide. 


Stationi. 


• 
Rise. 


Rate per 
Mile. 


Rise. 


Rate per 
Miir 


Between 
Flisk Point and Balmbroich ... 

Newburgh and Perth 


Feet. 

10,771 
18,058 

45»i97 


Feet 

• 33 

2.66 

4.00 


Feet 
.i6x 
1.304 
.467 


Feet 
'33 
2.66 

2.00 


Feet 
.161 
1.304 
.*33 





Note^—Th» result of the observations in 1844, gives a depression on the level of low 
water mark of 2 feet^ at Perth tidal harb<ntr, the point to which Perth observa- 
tions refer. 



e 5 



Digitized by VjOOQIC 



:xc 



RXUAKKS OK THK 08B OT THS TaBLK»« 



TIDBS 07 THE TTHS. 



TABLE OF THS SUE ASD FAIL OF THS UBS, 

At TsiioH pointi, t»k«a ■bnnltuMoiuly from the month of the liyer to Newhnm, 

imder the diieetton of J. H. Bendel, Etq^ TJLB, 

Zean ia the mark at Frtoi'a Btone, being Low Water of Kay Slat, 181& 



SFSIire TIDE, Kay Sth, 1800. 



Time. 



Piin'i'BallMt 
Stone. Oifiee. 



Edw- 



Bm 

Pdnt 



Old 
Quay. 



Ele- 
wiek. 



Stella. 



New- 
huriL. 



H. K. 

10 SOajn. 



II 
II 
12 



i 

I 30 




30 


30pjn. 





Ft. Ins. Ft. 

110 4 

ICILW I 

1 a 



2 

2 
3 
3 

4 
4 
5 
5 

6 
6 
7 
7 
8 
8 
9 
9 
10 




30 


30 


30 


30 


30 


80 


80 


30 





10 80 

11 



X I 

I * 

4 6 

6 a 

8 o 

9 10 
ri a 
la a 
la 9 
13 2 
13 a 
la 8 

II 10 
fo II 

9 8 

8 o 

6 4 

4 10 

3 7 

a 7 

I 8 

I I 

O ITLW 



11 

12 

i 
I 
I 



80 


80 a 


30 
60 



Ins. 

5ajn. 
JLWJ 

5 
o 

3 
6 

a 



Ft Ina. 



Ft. Ina. 



Ft. Ina. 



Ft. Ina, Ft. Ina. 



Ft Ina. 



3 

4 
6 

7 9 
9 6 

lO 10 

la o 
la 8 
13 2 
ij o 
lo 
3 
3 
a 
o 
6 
o 
8 
7 
7 
9 
5 



II I» 
I lOLW 

I II 

a II 
4 » 
5 

7 
8 



6 
«i 

9 
to I 
II 6 

" 5 
13 
IJ 4HW 
13 o 
ra ai 
[I I 
to a| 
9 6 
S 3 
7 o 
5 10 
4 9 
} lO 
3 o 
* 5 
I II 
I 9»'^ 



IS I«p.in. 
3 aLW 



5 
4 
6 

3 

o 

7 
9 

8 

»i 

3HW 

9 

a 

5 
6 
6 
5 

6 
8i 
o 

3 
9 
3 
9 

5 
aLW 



It 4ft 

3 41'W 

3 II 

4 II 
6 4* 
« i» 

9 7* 

lO II 

12 
la 9 



3 Si-w 



I 45. 
5 41'V 

5 « 

6 lo 

« o| 

9,6 

10 10 

la o 

la loi 

13 41 



a 
6 
9 

II o 



Sift 
8 oiLW 

8 a 

9 0} 

10 II 

" 5 

13 6 
13 7# 

IX 10 

la I 
II s 



lo 3 

9 6 
8 II 
8 3 



7 

3 
5 II 
5 7i 
5 51 
5 44LW 



9 9 
9 3 
8 II 
8 8 



8 OiLW 



II.W 
tx 3 



6 

9 
o 

3 
9 

3 

I 



4 16 
6 16 
6 46 



13 3HW 



13 4HW 



13 911W 
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TIDES OF THE TTHE. 




TABLE OF THB BISE AHB FALL OF THB TIDX, 








nnder the direction of J. M. Rendel, Eeq., FJa.S. 




Zero is the mark at Prior's Btone, being Low Water of May 81st. 1818. 


NEAP TIDE, April find, 1849. 




Prior't 


Ballast 


Eow- 


BiU 


Old 


Ele- 




New- 


Time. 


Stone. 


Office. 


doo. 


Point. 


Quay. 


wick. 


Stella. 


bnrn. 


H. K. 


Ft. InsJFt. Ins. 


Ft. Ins. 


Ft. Ins, 


Ft. Ina, 


Ft. Ins. 


Ft Ins 


Ft Ins. 


4 45 a.m. 


J 9 


4 o 


4 5 












« „ 


} 8lw 


1 II LW 


4 3 












5 30 ., 


3 10 


3"i 


40JLW 












6 „ 


4 » 


4 * 


4 I* 


4 8| 










e 30 „ 


4 <5 


4 7 


4 <» 


4 9 










7 „ 


5 


5 4 


5 1 


5 1 


5 i*i.V 








7 ZO „ 


S 9 


6 


5 ^1 


S 6 


5 3 








« «, 


6 8 


7 o 


6 7# 


6 £ 


6 


7 ^^'^ 






8 30 „ 


7 7 


7 10 


7 ^ 


7 « 


6 II 


7 3 






9 „ 


8 ^ 


8 lo 


8 5i 


8 


7 8J 


7 ^ 


9 4» 




9 30 „ 


• • 


9 8 


9 3 


9 


8 7 


^ 5i 


9 9LW 




10 „ 


.. 


10 4 


10 2 


9 10 


9 4 


9 a 


9 10 




10 ?0 „ 


II 2HWI0 10 


IP w 


\0 7 


10 3 


9 II 


10 4 


11 M 


H „ 


II anw 


II ri 


II a 


10 II 


10 8 


II 


IZ 7 


II 30 „ 


II z 


11 5HW 


II 6i 


" 5 


11 4 


II 7 


1* 7f 


12 „ 


.. 


II o 


II zi 


If 8iBW 


11 7 


II 10 


12 


IZ 10 




.. 


10 7 


10 10 


II 7 


II 8 


II lOHW 


IX I 


IZ IIHW 


1 » 


•• 


10 o 


10 4 


II 


II X 


II 7 


II IO| 


IZ 10 


1 30 „ 


.. 


9 * 


9 6 


10 4 


10 7 


II I 


II 7 


IZ 9 


^ „ 


.. 


8 3 


9 8 


9 7 


10 


10 7 


II J 


IZ 8 


2 30 „ 


.. 


7 4 


710 


8 10 


9 3» 


10 I 


10 II 


IZ 6£ 


3 „ 


.. 


6 6 


6 Hi 


8 t 


8 7* 


9 7 


10 7 


" 51 


3 30 „ 


4" 


5 6 


6 I 


7 6 


8 


9 » 


10 Ji 


I* 4 


4 ^ 


4 a 


4 10 


5 4 


6 10 


7 5 


8 8 


10 


II 3 


4 30 ^ 


3 6 


3 lo 


4 8 


6 3 


6 II 


8 n 


9 »oi 


IZ zi 


« „ 


a II 


3 5 


4 1 


5 9 


6 4 


7 " 


9 8i 




5 30 „ 


z 8lw 


3 


3 71 


5 3 


« 9 


7 7 


9 7i 




6 ., 




. 


X IILW 


3 3i 


4 10 


5 5 


7 3* 


9 6J 




6 30 „ 




. 




J »▼ 


4 4 


S 


7 I 


9 51 




7 „ 




. 




.. 


4 » 


4 7} 


6 II 


9 Si-w 




7 30 „ 




. 




.. 


.. 


4 4 


6 9 






8 « 




. 




.. 


.. 


4 ILW 


6 7 






8 30 „ 








.. 


.. 


.. 


6 6lw 






12 ISpjn. 




. 




.. 


.. 


11 8fHW 


., 


iz iJhw 




4 46 „ 




. 




,. 




,. 


„ 


., 


IZ ZLW 


7 18 „ 





• 




•• 


4 ILW 
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TIDES OF THE TTVE. 



TEL0GIIIS8 OF THE HEAD AHD TOOT 07 A TIDAL WAYS, 

At a Spring and Neap Tide, from the monfh of the riTer to NewlrariL 
From ol)servati<mfl taken under the direction of J. M. Sendel, Esq, F.R.S. 



8 PBIHO TIDE, Xay 8th, 1800, (ma day after EuU Xmil 



Vames of Stations. 



Difl- 



Tidal 



Foot 

of 

Wave 



Interval of 
Passage 



Head 

of 
Wave 



Bate per 
Kmute. 



Foot 



Between 
Tynemoath Haven and Prloi^B Stone. 

Prior's Stone and Ballast Office 

Ballast Offiee and Hoirdon 

Howdon and Bill Point 

BUI Point and Old Qnay^ 

Old Quay and Elsvick 

ElBwick and Stella 

Stella and Newborn ;. 

Tynemouth and Newbum 



Feet 
x,640 

J.894 
ij.aoo 

xo,o64 
"$.576 
ii,8o4 

18,94* 
7,5*4 



94,644 



Ft. In. 

I* 7TH 

» 4? 8 

IX oBO 

II 6 H 

lo iBP 

10 oOQ 

8 oiE 

5 8i8t. 

2 Sir 



Mins. 
15 

JO 

6o 
30 
60 
90 

75 



Mins. 

*5 

15 
15 
*5 

xo 
15 



360 



120 



Ft 

X59.6 
440.0 

n4.4 

5»9-* 
X13.4 
X10.5 
100.3 

262.9 



Ft 

176.0 
XS9.6 
88a c 
80X.6 
778.8 
«5|.6 

501.6 
788.7 



HEAP TIDE, April 2nd, 1849. 



Karnes of Stations. 



Dis- 



Tidal 
Bange. 



Interval of 
Passage 



Foot 

of 

Wave 



Head 

of 
Wave 



Bate per 
Xinnte. 



Foot 



Head. 



Between 
Tynemoath Haven and Prior's Stone.. 

Prior's Stone and Ballast Offiee 

Ballast Office and Howdon. 

Howdon and Bill Point 

BUI Point and Old Qoay 

Old Qnay and Elswiek 

Elswick and Stella , 

SteUa and Newborn .^ 

Tynemooth and Newborn 



Feet 
1,640 
1,894 
ij,xoo 
xo,o64 
15,576 
I*, 804 
i«,94* 
7,5*4 



Ft In. 



7 
7 
7 
7 
7 
6 

4 

X 

94,6441 



6TH 

6P 

3BO 

4*B 

oB 

70 Q 

8E 
4 St 

SiB 



Mins. 

15 
15 

30 
40 

JO 

80 

90 
90^ 

m 



Ft 

176.0 
X59.6 
440. 
501. 
519. X 
i6a5 
xias 
83.6 

242.7 



Ft 

176.0 
X59.6 
440.0 
668.8 
1038.4 



501.6 
788.7 
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TIDES OF THE TTHE. 



IHCLIHATIOV OF WATEB SUBFACE 

At fhe times of High and Loir Water, at Tynemoath Haven and at Newbarn, trith 
Fall of River Bed, Sectional Area, Ac. 

Zero is the Mark at Prioi^s Stone, being Loir Water of May Slst, 1818. 



SPBIHa TIDE, Ksy 8ih, 1850. 



When High 

and Low Water 

at Tynemonth 

Haven, 



Difl- 



Height on 
Oange. 



At 
H. W. 



At 
L.W. 



AtHW 
Fall. 



Average 

Indination 

per VUe. 



At L.W. 
Rise. 



Area,fte. 
at High Water. 



Area. 



Great- 
est 
Wdth, 



Great- 
est 
Dpth. 



Tjnexnoath Haven.. 

Prior's Stone 

Ballast Office 

Howdon 

Bill Point 

Old Qnay «. 

Mansion House .... 

Elswick 

Stella 

Ne-wbom 



Average.. 



Ft In. 
o 8 

IT 

1 5 
» 5 

4 9 

5 7k 
5 

7 5 

8 8 

li oj 

'• 94y044 

Average fall to Stella 



2,640 
3»894 
I}, zoo 
20,064 

"5.576 
1,386 
11,418 
18,942 

7.5*4 



Ft In. 

n 4 
ij » 
13 2 
ij o 
12 8 
12 o 
If If 

10 10 
9 o| 

11 I 



Feet. 

•133 

.064 

.087 

.230 

.316 

.$00 

.500 
Biw. 

1.436 
.259 



Feet. 

.500 
.686 
.400 
.613 
.ii95 

1. 115 
.696 
•349 

1.670 

.579 



Sq. Ft. 



34.500 
10,770 
6,935 
7,000 
6,270 
1,800 
1,300 



Feet. 



1.550 
750 
363 
560 
660 
300 
320 



Feet. 



45 
45 
22 
13 
13 
13 
5 



When High 

and Low Water 

at HewhuriL 



Dif. 



Newburn 

Stella 

Elsudek 

Mansion House .... 

Old Quay 

Bill Point 

Howdon 

Ballast Office 

Prion's Stone 

Tynemooth Haven. 

Aveimge ....... 



7,5*4 
18,94* 
11,418 

1,386 
15, 576 
20,064 

13,200 

3.894 
2,640 



Height on 
Oange. 



Avera^ 

Inclination 

per Kile. 



At 
H.W. 



Ft. In. 

13 9 

13 7* 

13 2 

12 II 

12 9 

12 2 

II I 

" 3 

10 II 
10 6 



94,6 



At 
L.W. 



AtH.W, 
Fall. 



At L.W, 
Rise. 



Ft. In. 
II ok 

9 9 
8 II 

7 " 
7 8 
6 8i 

4 9 

3 7 

» 7 
2 o 



Feet. 

.084 
.128 
.115 
.61$ 
.196 

.284 
Biie. 
.064 
FaU. 
.45* 
.833 

.181 



Feet 

.905 
.232 
.463 
.961 
.326 
.516 

.464 
1.356 
1. 166 

.504 



Area^fte. 

at Low Water. 



Area. 



Grea^ 

est 
Wdth. 



Sq.Ft 

100 

360 
600 
1,000 
2,770 
*,874 
5,500 



Great- 
est 
Dpth. 



Feet. 

200 
i$o 
300 
530 
363 
400 
1,100 



Feet. 

2.2J 

7-33 
5.0 
J-a5 

II. o 

15.0 
13.50 
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TIDES OF THE CLYDE. 

TABLE OF TIDAL OBSEBYATION 8. 

Tftkod ■bnolUneoiuly between Port Glasgow and Glasgow, in 1840; shewing also 
the aooeleration in the time of high water. 

Datum, 90 feat below coping of Soath Quay Wall, near Glasgow Bridge. 



8PBIH0 TIDE, 20tlL Karoh, 1840. 



HEAP TIDE, 87th Karch, 18^0. 



Time. 



Port 
Olsgow 



Bowl- 
ing. 



Bank. 



Gligow 



8tatioiui. 



mgh 

W. 



Low 
W. 



Bemarki 



H. X. 
AM. 

8 

9 

10 

11 

12 

1 

2 

3 10 

4 10 

5 10 

6 10 

7 10 

8 10 

9 10 



Ft In. 
I 8 
J 9 



lo ]| 

lo I 

7 " 

5 4 

i 4 

I 4 

ai 



Ft. In. 

a 10 

4 3 

5 4 

6 II 

9 *h 

lO lO 

9 5 
8 I 
6 lo 
5 7* 
4 » 
a II 



Ft. In. 



3 8 

4 9 

6 li 

7 lo 

lo o| 



Ft la 



J OL-W 

4 8 
6 o| 



rt Glasgow 
Bowling...., 
Clyde Bank 
Glasgow 



Ft In. 
7 5 
7 9 
7 " 
7 " 



Ft In. Ft In. 
* 4 



a 6 
a 8 
a 7 



5 I 

5 3 

5 3 

5 4 



7 9 
9 w4 
II i|svr 

9 81 
S 3 
7 o 
5 io| 
4 9 
3 9 



H. W. at 
OkwKow 
e" iJglier 
tlianPort 
Glasgow. 
L. W. at 
Glasgow 
8'' Ugher 
than |\>rt 
Glaagow. 



7 10 

8 38 

9 30 

VM. 

1 25 

2 6 
2 60 



a£LW 



10 5|BW 



Higli Water of Bpnag Tide, 

24^ December, 1888, 

With Fresh Wind, West 

Ft. In. I Ft. In. 

FoTt Glasgow... 14 5 Clyde Bank is 6 

Bowling 15 01 Glasgow.. 16 a 

NoU^—mgh. Water at Glasgow 1.9" higher 
than at Port Glasgow. 

NoU.—ln 1824, H. W. at Glasgow) "-J^ 

later than at Port Glasgow ... X ^ ^^ 

In 1840, ditto ^ I 45 

Acceleration in 16 years o ao 



a 4i,w 



Yelooitiei of Plood and Ebb Streama. 



I ILW 



STATIONS. 



FU. Bbb. 



Between 

Glasgow and Newshot Isle 

Newshot I. and Dombarton Castle 



RateyM. 



FMt 

38.5 
80. 



Fe«t. 
78.8 
»39-3 



7EL0GITIES OF THE HEAD AHD FOOT OF A TIDAL WAVE, 

Between Fort Glasgow and Glasgow. 

SPBIirO TIDE, 80th, Karch, 1840. 



8TATI0H8. 



Difl- 

taaoei 
Apart. 



Tidal 
Baoge 



Interval of 
Passage 



Foot of 
Wave. 



Head of 
Wave. 



Bate per 
Kinute. 



Foot. 



Head. 



WIdtJi 

of 
River 

in 
1846. 



Between Feet Ft In. 

Port Glasgow andBowling 43,230 10 afpta 

Bowling and Clyde Bank 26,190 8 6B 

Clyde Bank and Glasgow a8,8ao 7 9CB 

Fort Glasgow A Glasgow 98,840 8 U G 



88 
5* 

30 



40 
45 



170 



106 



Feet 
491. a 

505.6 

960.6 

878.5 



Feet 
1080.7 

584.* 
x,44« 
988.8 



Feet 
550 B 

250 GB 

4ioe 
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TIDES OF THE CLTBS: 



IKOLIHATIOH 07 WATEB SUBTAOE^ 

At the times of High and Low Water at Port Glasgow and Glaagow, at ih» Spring 
Tide of March 20th, 1840. 

JkUttm 90 /M bdow Coping </ SoiUh Qko^ WaJJU 



WEOSS BlQiK WATEB AT POBT GLA800W 
AKS LOW WATEB ,. ,, 



- L25 p.m, 

- 7.20 „ 



8TATI0E8. 



DiB- 

tanoes. 



At 1.0 p.m. 
or26m!nates 
belbre H. W< 



Height on Gauge. 



AtMOpim. 
jrfOmlnntei 
beAmL. W 



At 1.0 i>.m. 
lOmlnnteB arSSminiitM 

(before H.W 

Fall. 



Inclin. per Mile. 



At 7M p m. 

or 10 minutes 
t W 
Bisk. 



Port Glasgow 

Bowling 

Clyde Bank .. 
Glasgow 

Areiage..... 



Feet. 

16,190 
28, Sao 



Ft. In. 
». 3i 

9. 14 
7.10 
7- 9 



Ft. In. 
o i| 

4 a 

5 10* 



98,340 



Feet. 

0.131 
0.179 
0.014 

0.136 



Feet. 

0.48J 
az85 
0053 



0.304 



WHEN HIGH WATEB AT GLASGOW - 
AED LOW WATEB ,, ,, 



- SlOpjiu 
-10. a.m. 



STATIOHSr 



Glasgow .... 
Clyde Bank . 

Bowling 

Port Glasgow 

Average..... 



Bif- 

tancet. 



Feet. 

18,810 
16,190 

43^0 



98,340 



HeiglLt on Gauge. 



At High 
Water. 
Fall. 



Ft. In. 
II It 

10 7 
9 5 
7 " 



At Low 
Water. 
Rise. 



Ft. In. 

3 o 
J 8 

4 i 

5 o 



Indin. per Xile. 



At High 
Water. 
Fall. 



Feet 

0.099 
0.133 
o. 183 



0.171 



At Low 
Water. 
Rise. 



Feet 

0.111 
o. 116 
0.091 



0.107 



SECnOEAL ABEA8. 



Spiing Tide, Kareh 90th, 1840. 



(Glasgow 

Clyde Bank.. 



Heap Tide, Xaroh 27th, 1840. 

Glasgow 

Clyde Bank. 



At High Water. 



Area. 



q.Feet 
3.148 
4. cos 



a. 5*4 
3,186 



Greatest 
Width. 



Greatest 
Depth 



198 

173 



»95 
*55 



Ft 
18.3 
17.0 



Ins. Sq. 



15.7 
14.6 



At Low Water. 



Area. 



Greatest 
Width. 



I.Feet 
1,549 
1,9" 



1,494 
1,840 



Feet 
191 
*45 



191 

*45 



Greatest 
Depth. 



Ft. Ins. 
10 o 
9.0 



10.3 
9-3 
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TIDES 07 THE CLTDE. 



KEAN USAL BAireE AND B17EATI0K OF FLOOB AKB EBB STREAKS, 

For six Spring and six Neap Tides, from observations by VT. Bald, Esq. 



Spring Tides. 



Glasgow. 



Clyde 
Bank. 



Bowling. 



Port 
Glasgow. 



FL Ins. 



Tidal Range , 

Doration of Flood , 

Ebb .*. 

Neap Tides. 

Tidal Bange 

Dnration of Flood 

Ebb 



H. 



8 
H. 

5 «o 

7 n 



Ft. Ins. 
8 o 

H. M. 

5 "5 

7 6 



Ft. Im. 
8 9 

H. M. 

5 M 

6 56 



Ft. Ins, 

10 s 

H. M. 

6 6 



Ft 


Ins. 


6 


3 


H. 


M. 


5 


14 


7 


16 



Ft. Ins. 

5 10 

H. M. 

5 41 

7 « 



Ft. Ins. 
5 «x 

H. M. 

5 5» 

6 J7 



Ft Ins. 

6 I 

H. K. 

6 26 

5 59 



MEAH YELOCITIES OF FLOOB ANB EBB STREAMS. 



Station opposite. 



Distance 
below Glas- 
gow Bridge. 



Velocity 

of Flood 

per Minute. 



Velocity 

of Ebb 

per Minute. 



Dumbarton Castle 

Dunglass Castle 

Donald's Quay 

Rushalee Pier 

Centre of Newshot Isle 

Average below Newshot Isle 

1,000 yards below mouth of the Cart 

Scotstoun House 

200 yards below Crawford's Quay 

600 yards above the month of the Kelvin 
Average above Newshot Isle * 



Feet 
71,000 

59»5«> 
54,000 
45,000 
j9,ooo 

31,000 
&4,ooo 
15,000 
9,500 



Feet 
5«.75 

9*»73 

"4-43 

54- S J 

70.00 



Feet 
144.53 

245.71 

147 •»! 

120.00 
150.00 



78.10 

60.00 
26.66 
50.00 
17.6; 



141.48 
100.00 
85.70 
75.00 
54.53 



88.66 



78.80 



During high floods, immediately below Glasgow Bridge, Mr. Bald found the Ebb 
Stream run at the rate of 266.6 feet per minute ; and in the narrow parts of the rivor, 
at the rate of 821^ feet per minute. This was at the watet's surface, in the middle 
of the river. 
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TIDES 07 THE XEBSET. 






TABLE OF THE BISE AKB FALL OF THE TIDE 


Atvarloas 


points, taken simnltaneonsly from the mouth of the river at Formby Point to 1 1 


the head of the tide at Warrington; from Mr. Rendel's experiments in the rammer 1 


of 1844. Datom line 6 feet helow Old Dock GIU, or 10.75 feet helow the Ordnance | 


half.fide datum. 




SPBIVG TIDES, June 3rd, 1844. | 


TIME. 


Fomiby 
Point. 


New 
Brighton 


Prinoe't 

Doek, 

LiyzpooL 


EUes- 
mere 
Port 


Duke's 

Dock, 

Bnncom. 


Fiddlen* 
Ferry. 


War- 
rington 
Bridge. 


Distaaoe. 




42,240 ft. 


10,560 ft. 


47,520 ft 


35,200 ft. 


28, 160 ft. 


27,400 ft. 


H. M. 


Ft In. 


Ft. In. 


Ft In. 


Ft In. 


Ft In. 


Ft In. 


Ft In. 


7 a.m. 


— J lO 














7 30 „ 


-a 9 


-4 a 


-4 5 










« ^ 


— O lO 


— J X 


— 3 5 










8 30 ,, 


I ID 


— o 8 


— 10 










9 „ 


5 6 


3 6 


a 10 










9 30 „ 


9 9 


8 X 


7 6 










10 „ 


14 


IX 7 


IX 9 


6 4 








10 30 ^ 


17 6 


i6 5 


IS I* 


10 7 








ii „ 


ao 4 


19 a 


18 


IS 


10 7 






» 1 30 ., 


tx z 


XI 5 


ao 6 


18 3 


16 9 






12 ^ 


*3 3 


az 8 


aa a 


ai a 


ao 8 






30pjn. 


23 4 


23 


23 4 


23 5 


23 1 


17 6 




• „ 


u 6 


aa 8 


aj 7 


44 7 


a4 II 


aa 6 


18 I 


1 30 „ 


XI X 


ai 4 


aa 7 


a4 a 


as 4 


M 9 


18 3 


2 „ 


>9 4 


19 6 


ao 7 


aa 9 


H I 


aj a 


a3 


2 30 „ 


i6 II 


16 8 


17 7 


ao II 


aa 3 


a4 


*5 9 


3 „ 


14 o 


13 9 


14 7 


18 3 


ao 


aa 6 


a3 10 


3 30 « 


lO II 


11 


II 10 


15 9 


18 3 


ai 8 


aa 8 


4 „ 


8 X 


8 4 


9 4 


13 4 


16 3 


ao 8 


ai 10 


4 30 „ 


5 4 


5 10 


6 10 


10 7 


14 5 


19 10 


ai I 


5 „ 


X 9 


3 8 


4 4 


8 6 


13 I 


19 4 


20 8 


5 30 „ 


o 9 


I 7 


a 


7 * 


la 3 


18 10 


ao a 


6 „ 


— O lO 





4 


6 7LW 


II 6 


IS 7 


19 9 


6 30 „ 


— X o 


— I 5 


- 1 3 


.... 


10 II 


18 a 


19 6 


7 p 


-17 


— a 4 


- a 8 


.... 


10 7 


17 10 


'9 3 


7 30 ., 


.... 


— 3 6 


-3 6 




10 4 




19 
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TIDES OF THE HESSET. 



TABLE OF THE BI6E AKB FALL OF THE TIDE 

At Ttrloas points, taken Bimaltaneonslj firom the month of the river at Formby Point to 
the head of the tide at Warrington; firom Mr. Bendel^s experiments in the summer 
of 1841 Datnm line 6 ioet below Old Dock Cill, oria75feet below the Ordnance 
half-tide datom. 





HEAP 


TIBE8 


, Jnn« lOfh, 1844. 




TIME. 


FomiDy 
Point 


New 
Brighton 


Prinoe'f 

Bo4)k, 

LivrpooL 


£llo». 
mere 
Port. 


Bi!l»'e 

Bock, 

Buncom. 


Fiddlers' 
Ferry. 


War- 
rington 
Bridge. 


Difltfince. 




42,240 ft. 


10,660 ft. 


47,520 ft. 


35,200 ft. 


28,160 ft. 


27,400 ft 


H. M. 

i 30pjn. 


Ft. In. 
3 3 


Ft. In. 

% 6 


Ft. In. 
z 9 


Ft. In. 
1 II 


Ft. In. 


Ft. In. 


Ft In. 


2 „ 


4 o 


3 « 


3 I 


* 3 








2 30 „ 


5 * 


4 


4 1 


3 








3 „ 


6 8 


5 5 


5 5 


4 a 








3 30 „ 


8 4 


7 3 


7 3 


•5 9 








^ „ 


XO X 


9 4 


9 3 


7 * 








4 30 „ 


1% 3 


IX 6 


II 4 


9 7 


9 8 






« „ 


14 3 


13 « 


13 4 


II 10 


8 9 • 






5 30 „ 


IS 6 


ij £ 


15 


13 8 


10 10 






<5 „ 


i6 IO 


16 3 


16 3 


15 5 


n 6 






6 30 „ 


17 7 


17 X 


17 4 


16 7 


15 10 






7 „ 


17 9 


17 7 


18 


17 7 


17 4 


16 1 




7 30 „ 

8 „ 


17 7 
16 II 


17 7 
16 10 


18 
17 6 


0'* -• 

18 7 H.W. 

18 3 


18 5 

19 


16 X 
16 10 




8 30 „ 


15 9 


IS II 


16 4 


17 5 


18 6 


18 3 


18 I 


9 „ 


14 9 


14 4 


15 I 


16 X 


17 5 


18 10 


x8 I 


9 30 „ 


13 * 


la 9 


13 6 


14 4 


16 4 


18 X 


18 5 


iO „ 


w 3 


II 


II 6 


iz 8 


15 * 


17 9 


18 9 


10 30 „ 


9 9 


9 5 


10 


10 9 


13 10 


17 4 


18 8 


li „ 


8 3 


7 II 


8 5 


9 « 


IZ 9 


17 I 


18 6 


11 30 „ 


6 3 


6 4 


6 II 


7 9 


IZ 


16 10 


18 5 


«2 „ 


5 4 


5 


5 6 


6 8 


II 3 


16 8 


18 4 


30a.m. 


4 4 


3 10 


4 J 


•4 6 


10 9 


16 7 


18 X 


« „ 


J 7 


X 10 


J 4 


J 


10 3 


16 41 


18 li 


130 „ 


3 ILW 


X 6lw 


X 9LW 


z 


9 4 


16 3 


18 li 



' Below these points the Ellesmere tide is taken at Pool Hall Deep, abont a mile be^ow 
where there is a full range at Neap Tides. 
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TIDES 07 THE XEBSET 








TABLE OF TELOGHIEB OF THE HEAD AKB FOOT OF TIDAL WAVE, 


From the month to the head of the Tide at Warrington, at a Spring and Neap Tide. 


Section o/Biverfrom PHnce's Dock to Seacombe, 


Area. WUth. Depth. 
Bq. Ft. Ft. Pt. 


AnML Width. Depth. 
Bq. Ft. Ft ll 


L.WA.T. 114»646 ... 8,214 X 60 


H.W.N.T 182,771 ... 8,644 X 70 


I,.WJI.T 188^415 ... 8,300 x 87 | H.W.S.T 206^79 ... 8,644 x 77 


8PBIVG TIBE, Jime 8rd, 1844. 


VamM of Statioiu. 


Bis- 
tanoe 
apart. 


Tidal 


Interval of 
Passage 

OF 


Bate per Hinnte 
of Tidal Wave. 


Bnge 


Foot 

of 

Wave 


Head 

of 
Wave 


Foot 

of 
Wave. 


Head 

of 
Wave. 


Flood 
Stream 


Between 


Feet 


Feet 


Min. 


Min. 


Feet 


Feet 


Feet 


' Fonnhj Point and New BrightMi... 


4a.a40 


27.5 


50 


20 


845 


2,112 




New Brighton and Princes Ddck ... 


io,s6o 


27.2 


6 


10 


1,7^ 


1,056 


401.4 


Prineea Dock and Elleamere ......... 


47»5«> 


28.0 


140 


20 


340 


2,376 


336.6 


' KTIfifflnflre and IRTincorn .^ ,f ..^....tf^f. 


a8,i6o 


X8.3 


50 


14 


704 
331 


a, 514 
1,084 




; Runcorn and Fiddlex's Ferry ....... 


14.9 


85 


26 




. Fiddler's Ferry and Warrington... 
1 Formby Point and Warrington .... 


317,400 


7.8 
7.8 


66 


40 


415 
481 


685 
1,470 




191,080 


397 


130 


VEAF TIBE, June 10th, 1844. 1 


Vames of Statioiui. 


Bis- 
tance 
apart. 


Tidal 
Snge 


Interval of 
Passage 


Bate per Kinnte 
of Tidal Wave. 


Foot 

of 

Wave 


Head 

of 
Wave 


Foot 

of 

Wave. 


Head 

of 
Wave. 


Flood 
Stream 


Between 


Feet 


Feet 


Min. 


Min. 


Feet 


Feet 


Feet 


Fonnhy Point and New Brighton... 


44,240 


14.5 


•. 


20 


•• 


2,112 




New Brighton and Princes Dock ... 


10,560 


15. 1 


*S 


20 


422 


. S»8 




Princes Dock and EUesmere ......... 


47.S«o 


15.3 


.• 


35 


•. 


1,358 




EDesmere and Rnncom ............... 


J5,aoo 


16.8 


190 


15 


185 


*,347 


■ 


Rmieoin and Fiddler's Feny......... 


28,160 


10.4 


150 


54 


188 


5*5 




1 Fiddlfli'sFenryandWaarington... 
Formby Point and Warrington .... 


»7»40o 


1.8 
O.S 


95 


46 
190 


288 
415 


595 

1,006 




191,080 


460 



Digitized by VjOOQIC 



RbM ARKS ON THS USB 07 TRB TaBLBS. 



TIDES OF THE DEK 

TABU OF FHSirOlCElf A BETWEEN OREEM FIELD AKD CHB8TEB, 
Takuifrvm, Mmiaa qf Admira'tv inquiry at Chester, in 1849. 

The zero of hetghts it L.W.8.T. opposite Gmenfteld, or 82.75 below zero of Chester ' 
Btaniani, being about 18 JS teet beloty mean half-tide level at Liverpool. 



FOBOED 8PBIN0 TIDE, 

With Westerly Gale. 
FEBRUABY 6th, 1848. 



SimilEB LOW WATEB. 



Flint 



Ckm- 
nah*! 
Quay. 



Sandy 
Croft. 



Chester 



Stations. 



Length 



FaU 
per 

xae. 



H. K. 

9 Oa.iiL 
9 30„ 

10 0„ 
10 16 „ 
I0 30„ 

10 45„ 
'< 0„ 
li I5„ 

11 30, 

M 45^ 

12 0„ 
ISpjn. 
30„ 

45„ 

1 0„ 
• <«n 
I 30 „ 

1 45 „ 

2 0„ 
2 15, 
2 30 „ 

2 45,, 

3 0,. 
3 I5„ 
3 30„ 
3 45„ 



Ft In. 
9 9LW 

IX o 

ij o 
15 10 
18 J 

6 

z% o 

23 4 

IS o 

26 4 

317 10 

«9 5 

29 IIH" 

29 6 



Ft. In. 



14 |LW 

14 6 
17 o 
19 8 

£} TO 
24 10 
26 7 

»8 I 



Ft. In. 



Ft. In. 



Between 
Greenfield and Pentre Roek 
Pentre Sock and Con. Quay 
Con. Qoay and Sandy Croft 
Sandy Croft and Saltney.. 
Saltney and Chester 



Feet. 


Feet. 


30,095 


1.84 


I J. 575 


1.4a 


17,160 


•J" 


17,250 


•75 


7,040 


.ZI 



OLVT 

O 

9 

7 
8 



6 



28 9 



17 9LW 
20 6 
9 
27 4 



3 
4 
5 
6 

7 
7 
6 
6 
8 

18 XX 
18 o 
17 6 



3HW 

o 
o 
4 
4 
6 
10 



9 

5HV7 



30 
31 

31 o 

30 5 

29 7 

29 o 

28 X 

»7 4 

26 8 

26 o 

25 2 

M 5 

23 10 

23 2 

22 6 

o 



IS 



A T>o «* 



- f rt >■ fH 






w^O 0« ■* 



I S9S.SS 









r¥5T 

:<yo : 
: • ►» ' 

••SIS ►» 



AUGUST 6th 1849. 



High Water, Ord. 8p. Tde. 
Low Water „ „ ; 

TldalEange „ „ 



Ghreen- 
field. 



Ft. In. 
27 6 

O O 



27 6 



Flint 



Ft. In. 
27 7 

9 I 



IS 6 



Pentre 
Bock. 



Ft. In. 
27 8 

TO 6 



17 8 



Con- 
nah*s 
Qnay. 



Ft. In. 
28 8 



14 * 



14 6 



Sandy 
Croft. 



Ft. In. 
29 4 

H S 



IS 11 



Saltny. 



Chester 



Ft. In. 
29 7 
17 9 



1110 



Ft. In. 
29 8 

18 I 



U 7 
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Remarks on thk uss or the Tables. 



TIDES OF THE SEVEBJT. 



TABLE SHEWDrO THE HEI0HT8 OF HIGH AKB LOW WATER. 

At BpringB and Neaps, and the times of Flood and High Water at the principal 
points between Portishead and Diglis Lock, (Joat belov Worcester) £rom Capt. 
Beechey's siunrey, 1848. 

Note.— The eeio of the Tidal Heights is that called the Ordnance Datnm or half-tide 
level at Liverpool, being 4.76 feet above the Old Dock CiU. 



Stations- 



PortLBhead.... 
Beachley .... 
Sharpness.... 
Hock Crib.... 
Newnham .... 
Framilode.... 
Bosemary .... 
Stonebench .. 
Gloaoester.... 
Ha V Bridge.. 
Mythe Bridge. 
Upton Bridge . 

Fixham 

DigUs 



Distanoe 
apart 



Spring Tide. 

Aug. 20, 1849. 



Feet. Ft. In. 



58,000 
60^950 
39,829 
19.55* 
14,800 
AI,0CO 

a J, 650 
18,940 
40,000 
17,800 
19,770 
34,060 
16,780 



Ft.Iii.,Ft.Iii. Pt.In. 



13 6 

15 6 
is " 
fS 

16 9 
t6 II 
*5 7 
H 
13 I 

»J 

»3 5 

H 5 

*S 7 



Buge H.W. 



19 1,4* 7 



1 017 

i 

6 919 

9 11,15 

16 IjIO 

17 6 9 



6 16 10 



18 ij! 



418 



718 



7 

V 

19 10 3 
II 3. I 10 

" V 

14 1 o 
*5 7 ' 



Heap Tide. 

Aug. 1S» 1849. 



116 
10 17 



817 
5«7 



1 619 
5 611 
8 10 

15 I 

16 8 



417 " 
no tide 



8 

1 
o II 



felt 



I^e of 
Hood 

after 
making at 
Beachley 

Pier. 



US: 



148 
3 54 
419 
446 

5 3» 

6 oc 
614 

7 01 



8 II 



Atig. 



after 
making at 
Beachley 

Pier. 



is 



1 361 o 39 



4 4* 
5*8 

6 38 

7 to 



041 
I 10 
I 13 
136 
1 8 
1 u 
3 16 
i 58 
416 



fif: 



041 
1 08 

I 14 
103 
*44 



TABLE OF A7EBA0E BATE OF THE GBEST 
Of the Tidal Wave and of the Bore, 

From Beachley to Upton Bridge, where the latter phenomenon ceases. 



SPRING TIDEi. 



Between 

Beachley and Sharpness 

Sharpness and Newnham 

Newnham and Framilode 

Framilode and Botemary 

Koaemary and Stonebench 

Stonebench and Haw Bridge 

Haw Bridgeand Mythe Bridge .. 
Hythe Bridge and Upton Bridge 



Rate of Crest 
of Tidal Wave. 


Rate of 
the Bore. 


Feet 9> Min. 


Feet r Min. 


1.599 


J»8 


1.944 


5" 


1,900 
996 

87* 


713 
i,w6 


1,057 

..058 


1,075 
} 7.J 
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KlltAftKS ON THE USE OF THE TaBLSS. 



TIDES OF THE SEVEBIT. 



TABLE 01 FALL AKB 8ECTI0KAL ABSA OF SUHMEB LOW WAXEB, 

Between Portishead and Diglia, firom Captain Beechey'a Admlialtj Snrvef. 

Note.—The datnm of the heights given la the Oidnanoe mean half-tide at Liverpool. 



SIAnOHS. 



Portishead (below datom) 

Beachley .. 
Inirard Point 
Lidney 



j Newnham (above datnm) 

' Framilode 

Stonebench 

Glo'Bter (aaj Lower Parting) . 

I Haw Bridge .TTT... 

I Mythe Bridge 
I Ur -'^ 



i DlgUa 



Diih 
tanoo 
Apart 



Feet 



58,000 
16,750 
36,500 
7.700 
59.381 
24*800 
44.650 
18,940 
40,000 
X7,8oo 
19,770 
34,060 
16,780 



FL 

of 
River 

Bed 
^Mile. 



Feet. 



1.86 



.80 

.85 

0.36 

.265 
.301 

.209 
.39a 



Summer Low Water. 
4" on SharpneBs Gauge, or TJV' oa 
Diglis Lock Gauge, 



Height FaU 



(Huge. 



Feet. 

20.31 
18.90 

'm 

15.00 
16.92 

18.81 
20.16 
21.23 

23.44 
24,84 



per 
Mile. 



Feet. 



.013 

'^l 
1.98 

•74 
X.03 
1. 31 

.227 
.064 

Wsl 

.445 



Area. 



Sq.Ft. 



50,000 
6,840 
1,230 
4.176 
1,900 
3»«» 
632 

784 
570 

to5 
^55 



Greatest 
Width. Depth. 



Feet. 



3370 
2730 
6jo 
1370 
400 
450 
217 

122 

IS 

125 

xoo 



Feet. 

46:*o 

5.»5 

3. o 

II. ac 

10.16 

11.00 

5.50 

0.00 

6.00 

$•75 

7.50 
S.oo 



THE BIVEB SEVEBV DT FLOOD. 

TABLE of the Bate of FaU as indicated hy the Ckmges 

With the SecUonal Areas and FaU per Mile In a High Flood, am observed 

December 4th, 1849. 



Jfote^These observations were taken at or before low water, when nnfaHmynTOd 
by the Tide. 



8TATI0K8. 



Portishead 

Beachley 

Inward Point •. 

Lidney 

Sharpness fbelow datumj 

Newnham (above datum 

Framilode 

Stonebench 

Glo'ster (say Lower Parting) .. 

Haw Bridge 

Mythe Bridge 

Upton Bridge 

Pizham 

Diglis 



VarioTis Freshes. 



Hght. 

on 
Gauge 



Feet 



2.08 

15.92 

17-75 
19.00 
20.75 
".33 
23.58 
26.00 
27.42I 



Hght 

on 
Gauge 



Feet 



2.4a 

i6!66 
19.25 
20 ~ 
*3 

2^9Z 

26.25 
28.66 
30.08 



Hght 



Gauge Gauge 



Feet 



2.58 

16.33 
19.08 
21.16 
»3-75 
15.75 
17.75 
30.50 
32.16 



FLOOB Beceml)er4th, 1849. 



Hght 



Feet 



1. 00 

13.46 
19.16 
25.00 
29.08 
32.84 
35. *3 

38.00 
40.16 



Fall 
mie. 



Feet 



1.28 

1. 21 

.69 

'•ill 

i .47 

.68 



Area. 



Sq.Ft 



7*596 
4.5" 
5,467 
2,582 
2,328 
4,284 
3.945 

3,025 
2,248 



Greatest 
WdthJDepth 



Feet 



2,400 
730 
500 

*75 
170 
320 
250 



Feet. 



13. o 
14-7$ 
15.33 
13. »s 
19.50 
20.00 
ao.50 

22.50 

20.50 
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Remarks on thb use of the Tables. 



TIDES OF THE SEVEBH. 



%AB£E OS VELOdTIES OS THE TIDAL WAVX AND BOBS, 

Between Shaipness and Upton, at difEarent ranges of tide, from Captain Beedhey'i 
Admiralty Survey of the Kiver, in the Bnmmer of 1819. 



VamflB of Stations. 


Sis- 
taaoes 
apart. 


Range 

at 

flit ami. 


Interval of 
Passage 

OF 


Rate 


per Xinnte. 


Biiarp- 
ness. 


Wave 


Bore. 


Wave. 


Bore. 


Flood 
Stream 


Between 


Feet 


Feet 


Min. 


Min. 


Feet 


Feet 


Feet 




J9»»a> 


18 


*3 


134 


1,700 


494 


•• 


u » 


ft 


10 


14I 


165 


4,696 


»37 


•• 


» » • 


>» 


ZI 


xo 


88 


1,910 


444 


.. 


» » 


** 


*7 


6 


66 


6,517 


59» 


389.9 


Hock Crib and Newnham 


19. 550 


z8 
zo 
ai 


36 
*9 
J7 
M 
30 


44 
43 
43 
41 


543 
674 
548 
815 
»,979 


444 
455 
455 

477 


•• 


n » 

Shaipneas and Newnham 


59»38> 


*7 

47 


•• 


Nttwnham i^nd FTamilodft.....i..t 


04,800 
>> 


20 


47 
IS 


64 


918 
1.654 


400 
486 




» » 


ai 


5« 


,1. 


» » 

Framilode and Bosemary 


ZIyOOO 


*7 

41 
47 
41 


"3 

3* 
41 


30 
54 

40 
49 


'.907 

65<J 

1,000 


847 
389 
545 
8x6 


4x7 

43*5 

•• 




43,650 






» n •••••• 


it 


47 


47 


17 


876 


1,373 


538 


Stonebeneh and Haw Bridge ... 


58,940 


41 


69 


59 


854 


999 


405 




tt 


47 


13 


17 


.. 


.. 


405 


Haw Bridge and Hythe Bridge 


Z7,8oo 


47 


38 


.. 


734 




.. 


Hythe Bridge and Upton 


49,770 


47 


48 


.. 


1,063 


.. 


.. 


Haw Bridge and Upton 


57»570 


47 


•• 


70 


•• 


844 


•• 





Rate of Flood Stream, Deo. 1st, 1849, 
Being Spring Tides, was about 400 feet per 
minute, near Stonebeneh, as taken by a 
Bloat drifting, but properly watched. 

Sectional Area then about 2,150 square 
ftet 



Rate of Ebb Stream, Deo. Uth, 1849, 

Being Average Tides, was about 275 feet 

per minute, near Stonebeneh, as taken 

by a Float drifting, but properly watched. 

Sectional Area then about 1,700 square 
feet. 
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TABLE OF DIMENSIONS OF DOCKS, 

Septha of Water over Sills, Area of Water Spaoe, ftc. ftc., of Bome of the 
pxinoipal EstaUishments in the United Kingdom. 



DimensionB of D]_ 
Wet Bock. Over 



HAKE OF POST 
AKB OF DOCK. 



HASTLEPOOL. 

Victoria Dock 

W. Harbour Dock 

Ditto Extemloa 

SUNDEBIAKD. 

Weannonth Dock 

Sonderland Dock 

IJBITH. 

East Dock 

West Dock 

Mew Dock 

BTTVDEE. 

William IV. Dock 

Earl Grey Dock 

Victoria Dock (In progreiw)... 
KONTBOSB. 

Dock 

ABEBBEEN. 

Victoria Dock 

BITBUN. 

Boyal Canal Dock 

Old Custom House Dock 

George's Dock 

Large Dock 

Grand Canal Dock 

OALWAT. 

Mew Dock 

UMEBIGK. 

Dock (in progress) 

COBK (proposed). 

North Dock 

South Dock 

BBISTOL. 

Cumberland Basin 

Bathnrst Basin 

Floating Harbour 

PLYMOUTEL 

Great Western Dock 

NEWPOBT. 

Doc k 

CABBIFF* 

Bute Docks 

SWAS«EiL (in progress). 
IPSWICH. 

Dock 

OBEAT eBOCSBY. 

Dock (in progress) 

HULL 

Old Dock 

Humber Dock 

Junction Dock 

Railway Dock 

Victoria Dock 

Ditto Half-Tide Basin 

GOOLE. 

Barge Dook 

Ship Dock 1 

Harbour Dock 

Steam Ship Dock 

B ailway Dock 

STOCKTOH. 

Middlesborongh Dock 



of 
Water 



183Z 
1844 
1850 

1837 
1850 

1800 

1848 

1815 

1833 

1839 

1844 

1789 

1770 

>793 
1833 



1804 

1847 

1835 

1838 
1849 

1837 

1846 

1774 
1803 
1826 
1845 
1846 



1820 
1820 
1820 
1836 
1847 

1839 



LngthBrdth 



950 

*5» 
139 

107 
Z17 
1005 

239 
270 



245 

140 

1800 

420 
270 

'111 

1 120 

600 

567 
300 
214 
240 
480 
110 

290 

87 
120 
200 

400 



AtHi^h 
■^Water 



15 

18 
18 
18 
18 

16 

22 

18 6 

30 o 
30t0 34 
24 o 

21 6 

16 6 

26 o 

18 
24 o 



6 o 

o 8* 

6 o 
2 
5 

I 

10 

o 4 



At Low 
Water 

IS? 



c 118 o 



7 6 



60&70 250 



2 9 



En- 
trauoe. 



45 

4* 

S0&60 



0148 o 



c t6o 



150 o 
o 210 o 
c 230 o 



c 180 o 
6 150 o 



56 
50 

45 

54&45 

IS 8 

45&35 



5&7C 



20 6 

U 6 

58 o 

J8 o 



19 oj 5 o 30 o 132 o| 30 o 



If Entered 
I^Lock. 



Length 



90 O 



Ft Ins. 
45 o 

70 
36 o 



x6o 

i86fr 
ijo 



c 250 o 

G 225 O 



;6 152 o 



!>5 o 



4$ 150 o 

70 

38 

42 158 6 

36 6|i3o o 

43 
50 
50&32 



72 6 
119 



210 
210 



40 o 

II " 



60 o 
%7 o 



36 o 
35 6 



180 o 45 o 



54&67 

l4*5& 
> 35 

55 

61 



C 120 6 

120 666&3X 



45 o 



1« 

3*' o 



19 6 
29 6 



72*119 X2&3 3 

58 o 

58 
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Rbmarks on tarn vmb of thb Tablbs. 



TABLE 07 DOCKS AT UVB&POOI^ 

mXh thib principal Pimiiiiioni, Depth of Wfttw awn ttUf, te. 

H.W. ahow L.W. bdow 

— — OldOoflkHIL CMdDiMkHIL 

ATenge Sprinc Tides l&S .. &9 

„ NeapTides 11.8 .. 1.9 

EquinoodAl Spring Tides 90.0 .. 11.0 

Sxtnordiiisry Spring Tide, ss narked on LeasowesLighthoase .. SS.0 



Total Ares of Docks .... 
,, l>r7Bssins 



177.80 
90. 9 



2aa7foaee....l4.7 mUeg. 
IverWaU.... 6.0 ,, 



RAKE OF BOCE. 



TIDAL BASINS. 

Buiidun Bjisid ..«...^....« 

I*nn*e'« B^ln,.. ,„. 

3c:iicani1)« Buin **** ***.... 

GeoT^'a B&aiD .h«...t»» ». 

It^of^^'k ¥gitj Bftftln ,..,,... 

^ueeu'ri Bq^ln .,.*** ^^^*...h 

South Ferry BaaiD , 

w£t bocks. 

SAiidda Docic «^«.,.<.^.,..,....., 
WeUln^rtuD Half-Ude Duck. 

Wclliu^t»n Doct 

Bmmky Moora Dock .—,-., 

^Nelson Dock... ...+..+»..... 

^tatalejr Dock ,,«...+.-«kp--.-+h 
ColhUfWfKHl Dock ^^^*....»^«.< 

]SiLlli)bury DoGk 

Cl«rcDi:« Dock...*.** ,--*«, 

CUftiice Hntf'tide Dock .**. 

Trafiilpir lioek 

Vlcttjrk D<wk „* *....H.*. 

Waterloo Dock **. 

PriDC&'s Dock ..,.., ...i», ....,,,,, 

George's Dnck** .*. 

Caiminij Dack ,. ..,. 

Ciinniiig HuLf'tlile DrK?k ..... 

A I l*t»rt Dtjck . . . *.... *.** 

Suttlioiiie D«ik ...„„ 

Klngfs Dock*^ .».«„„♦.„., 

Que«n^» Dock 

Uni^jn Dock „ *....,.. 

Cobnrg I>isck , 

BnitiRff ]^]t Drtck 

BriiTi*wict Hftlf-tlde Dock .. 

Toxtutti Dock ***...*...* 

QEAYINO DOCKS. 
avudoo. Nd. I Eo^t,,.** 

. No. 3 **„. **.*.... 

„ Ko.3 

„ Nd.4 

™ No. 6 - 

„ Ko.e 

HuflikiHon 

ClftTflacJii, No. I, 014 

„ Ko. I, Kaw „*. 

No. a. Old 

No. % New 

Caaolng^ No. U. 

. Ne*a. 

Qiieen% Nd. 1 

., No*S 



araasirlck. Ho. I 

No. 2 



BinieiiAioni of 
Wet Dock. 



1T»t«r Lafltb Apdlh 



6. 19 



'Si 



7. »f.' 100 

9 64[ HO 
7-W " 



1A6 

[66 

17D 

7.6r iH 



7 03 
J. OS 
I 
J- 77 

J. 6, 
t.ij 
4.aB 



46J 
7-59 

1.J9: 
^**7 

T 4J 

1.07 



lEo-a 

IM0.Q 

iSa.Q 
lUq.o 
JO J 

'H 

97,0 

96.0 

M7'^ 

146.0 
Hi 



■£ 



BEFFH 
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APPENDIX 

TO 

EEMARZS ON THE USE OP THE TABLED 



FLOODS OF LABOE DISTSIOTS. 

Extract from Mr, 7%omas John Tayloi'a work on Ae Improvement of the 
Tyne, page 26. Lambert, Newcastle, 1851. 

" It is not nnnsaal for the riyer Tjme, during a land flood, to difldiarge 
36 millions of tons of water in 24 hours, being equivalent to a net 
quantity of half an inch of rain over the entire extent of its basin. The 
fiigfaest sources are about 1,200 feet above the sea level ; but the mean 
elevation of the basin may be taken at 500 feet. Now 36 million tons in 
24 hours are 25,000 tons per minute; and a horse-power being 33,000lbs. 
equal to 14-7 tons, we have *^°^^.y"° = 850,340 horses' power. 

"A flood which rose, at its highest elevation, a few inches above the 
floor of the house at Bvton island, discharged, according to my calcnla* 
tion, upwards of 70 millions of tons of water in 24 hours (70,383,909), to 
which may be added the waters at the same time extending over the 
Haughs, estimated at 9,874,286: in all 80,258,195 tons, or say 80 millions 
of tons in 24 hours. 

"By way of contrast, I may mention the quantity of water passing the 
same point on July 19, 1850, when the river was free from tide or fresh, 
and extreme! V low; the rate of discharge was only 16,025 cubic feet ^ 
minute, equal to 659,890 tons in 24 hours. 

**Thus the I^ne varies in its volume of land watet In the proportion 
of 1 to 120. 

**" The ordinary state of the Nile is to its flood state as 1 to 5. 

^ The ordinary state of the Ganges is to its flood state as 1 to 5. ** 



STBEITOTH OF CTLDrDBICAL STEAH BOHEBS. 



TABLE OE THIGK1IE8S OE HETAI. 

For boilers of equal strength, at a pressure of 450 lbs. per square inch, 
taking bursting pressure at the ultimate strength of the riveted joints, or 
34,000 lbs. per square inch. 



Diameters 


Thickness 


Diameters 


Thickness 


of BoUen. 


of Plates. 


of BoUers. 


of Plates. 


Ft Ins. 


Inch. 


Ft. Ins. 


Inch. 


3 


.^5 


6 


.50 


3 6 


.29 


6 6 


•51 


4 


•33 


7 


.58 


4 6 


•37 


7 6 


,ez 


5 


•4* 


8 


,66 


5 6 


.46 







This Table is from a recent paper bv Mr. Fairbaim, of Manchester, 
who considers that if the strength of boiler plate be taken at 1.00 

That of a double riveted joint is 75- 

M single riveted joint is • .56 
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By Meaars. HUNTSR and ENGLISH. 
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QwMrtity»ef 




■ 




lUf 


Water 


WiBternlfled 


Heiglitof 
Stand Pipe. 


Tbne 


in feet 


expended 


IngaUons. 


in minutes. 




in gallons. 




Feet. 




9-3* 


515 


68 


40.93 


14 


9.41 


493 


6t 


40.84 


20 


^•3a 


530 


68 


1 40.9a 


»4 


9.31 . 


504 


6g 


40.94 


Zl 


9-32 


514 


68 


40.93 


zz 



Kon. — The height ftom the outlet of the ram to the top of the stand pipe is 60*25 
§beL Ttaerefere the fall in feet dednoted from the ahoTe win give the height to 
whieh the water ws» raised ahoTe the head. The di£Barenoe in time of iUIing the 
cistern is owing to variationa in the a<yastment o£ thd beat of the Yalye,-~^ir 
motion giving the best duty. 



XIBES OF THE ENGLISH CEAITNEL ABD HOBOB SEA. 

' Captain Beechey's paper, in the PhUoaopfncal Transactions^ Part It., 
ftyr 1851, contains his InTestigations into the currents and tide? of these 
0ea8 similar to those on the tides of the Irish Sea. Instead of these 
dbannels having a stream turning progressiTely later as the tide advances 
up the strait, it was found that the tide turns off the Start on one side of 
"Dover, and the Ljnn deeps on the other side ; between these points the 
tide sets steadily towards IH^ver, while the water is rising there; and away 
fro/n Dover in each direction when the tide is fdUng there. This ** true 
channel stream " is about 180 miles in length each way, from the point 
<^f union, towards Lynn in one direction, and towards the Start in the 
other. The point of union of the tides off the straits of Dover oscillates 
between Beachy Head and the North Foreland, a distance of sixty miles. 
When the water at Dover begins to fall the separation takes place off 
Beachy Head, gradually creeping to the eastward as the fall of tide at 
Dover continues — at two hours ^ter high water it gets to Hastings^ at 
three hoars it arrives at Bye; and when it is low water at Dover the line 
of separation is between Diinkirk and the North Foreland. 

It appears, from the elaborate charts which accompany Captain 
Beechey's paper, ^ that for a period of six hours after high water at 
Dover and for five hours before that time, the great stream of the Eng- 
lish Channel and North Sea maintain a steady direction firom and towards 
Dover." Between Cromer and the North Foreland, Captain Beechey 
states, that there is not hi^f an hour's retardation in the time of slack 
water from the time of high water at Dover, while in the establishment 
there is a difference of five hours ; on the other side the stream, between 
Start point and Aldemey, turns with high water at Dover, although the 
difference of establishment is also five hours. The whole paper is worth 
close study, being accompanied by very elaborate maps and diagrams. 
Reasoning on these facts, we find that when it is high water at Dover 
(which is five houns after high water at Start point) the tide has fallen 
about thirteen feet off the Start— or there is about fifteen feet actual 
difference of level in the water sur&ce at the two places, when the cur- 
rent turns at spring tides; taking this difEerence, we have a fall of one 
inch per mile of the surface; this is ample for the gravitating power' to 
produce the tidal stream, which appears to vary firom lao to 400 feet per 
minute. 
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ETDBAVLIC FSOBLEMS, 

WHICH ABB O00A8IOKAIXT USBFUL TO THB BKGXNBBB, IKTOLTIBO THB 
U8B OF FLUZIOKAL CALCULUS. 

(Jnrom Dr. SiMa»'$ Mathematieai inrtuit.) 






TBOBIEK~To determine the Time of emptjing any Diteh, or Inua- 
dation, fto., I7 a Cut or Koteh, from tbe Top to the Bottom of it 

Let X = AB, the Tariable height of the descending water at 

any time ; " ^y" 

6 = AC, the breadth of the cut ; D I— A 

if = the whole or first depth of water; 

A = the area of the sarfeu^ of the water in the ditch ; ^ 

^ = 16|^ feety the descent bj graYity in 1". 
Now, the ydocitj at any point d, is as i/bd, that is as the ordinate 
]>B of a parabohi bbo, whose base is ac, and altitude ab. Therefore the 
velocities at all the points in ab are as all the ordinates in the parabola. 
Ck)nsequentl7, the quantity of water running through the cut aboc, in 
any time, is to the quantity which would run through an equal aperture 
placed all at the bottom, in the same time, as the area of the parabola 
•ABC, to the area of the parallelogram abgc, that is, as 2 to 3, 

But ^g : ^x : : 2^ ; 2 y^^x, the Telocity at ac ; therefore 2 y^^ar X hx 
X i = } bx^gt is the quantity discharged per second through abgc^ 

and consequently ^^^ is the Telocity per second of the descending 

surface. Hence then ^^^^ : — i :: 1" : T ^^ = t» the fluxion 

of the time of descending. 

Now when ^ the surface of the water is constant, or the ditch is 
equally broad throughout, the correct fluent of this fluxion giTes t = 

.^ X aL ^^^ ^^ general time of sinking the surface to any 

depth X, And when x =: 0, this expression is infinite | which shows 
that the time of a complete exhaustion is infinite* 
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Bat if d = 9 feet, 6 = 2 feet, ▲ = 21 X 1000 = 21000, and it be 

required to exhaust the water down to i\ of a foot, deep ; then x = 

1 J ^1. V • u 8 X 21000 ^ 8 — i 

16. and the above expression becomes .^^ ^ , X — s-* = 14400 , 

4 X 4jfe t 

or just 4 hours for that time. And if it be required to depress it 8 feet, 

or till 1 foot depth of water remain in the ditch, the time of sinking the 

water to that point will be 43' 38". 

Again, if the ditch be the same depth and length as before, but 20 

feet broad at bottom, and 22 at top; then the descending surface will be 

90 4- X 
a yariable quantity and it will be ■ T x 20,000 ; hence, in this case 

the fluxion of the time, or 77 — 7— » becomes ^, , X — ^ x ; the 
Abx^gx ^h^g xyx 

correct fluent of which is i = ^ . X \ . — . , ) for the time 

of sinking the water to any depth x. 

Now when x = 0, this expression for the complete exhaustion becomes 
infinite. 

But if ... X = 1 foot, the time t is 42' 56"^. 

And when x = 1^ foot, the time is 3^ 50' 28"^. 



SBOBIBIC.— To deteamiine fh« Time of flUuig fho IMtoheB of ft Foxtifi- 
oation 6 Ibet deep with Water, through the sluice of a tnmk of 3 feet 
square, the bottom of which is level with the bottom of the Ditch; the 
height of the supplying water being 9 feet above the bottom of 
the Ditch. 

Let AGDB represent the area of the vertical sluice, being a square of 
9 square feet, and ab level with the bottom of the ditch. And suppose 
t|ie ditch filled to any height ae, the surface being then at ev, 

Put a = 9 the height of the head or supply ; 



6 = 3 = AB = AG;. 



A = the area of a hor&ontal section of the ditches ; 

X = a — Aic, the height of the head above bf. 
Then '^g \ ^x \\2g\ 2^gx the velocity with which the water presses 
through the part aefb; and therefore 2^gx X abfb = ^^gx (a— x) 
is the qnanti^ per second running through abfb. Also, the quantity 
running per second through bcdf is 2v^^x X ^bcbf = V^v^^ 
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(b^a 4- x) nearly. For the real quantitj is, by proceeding as in the 
last problem, the difierenoe between two parab. segs. the alt. of the one 
being x, its base 6, and the alt. of the other a—b; and the mediam of 
that dif. between its greatest state at ab, where it is ^ad, and its least 
state at gd, where it is 0, is nearly ^ kow Conseqoentlj, the sam of the 
two, or ib\/gx (a -|- 116— «) is the quantity per second mnning in by 

the whole sluice acdb. Hence, then, ib\/^gx X ^^— ^- -— = ^f ^'^ 

rate or velocity per second with which the water rises in the ditches ; 

and so » : -i :: 1" : i = - -*= r:^ x the fluxion of the 

V byg c—x 

time of filling to any height ae, putting c=:a-^ 11 b. 

Now when the ditches are of equal width throughout, a is a constant 

quantity, and in that case a correct fluent of this fluxion is t = . 

X log* f /-^/^ X y T y ^ the general expression for the time 

of filling to any height ab, or a — jr, not exceeding the height ao of the 

6a 
sluice. And when ar = AO = a— 6==rf suppose, then t =z Trrz, X 

log. ('l^l+J^ . ^/T ^^ ) is the time of filling to cd the top of 

the sluice. 

Again, for filling to any height gh above the sluice, x denoting as 
before a — aq the height of the head above gh, 2y^gx will be the 
velocity of the water through the whole sluice ad: and therefore 

2b^^gx the quantity per second, and — ^^-^ = », the rise per second of 

the water in the ditches ; consequently v I — ^r : : 1" I / = — — = 

7"^, • X -?- the jreneral fluxion of the time j the correct fluent of 
2b*^g yx 

which, being 0, when x:=a— 6=tf, is<= TsTTT (i/<^ — V^^) the time 

of filling from cd to gh. 

Then the sum of the two times, namely, that of filling from ab to cd, 

A ^^/d'-\/x 6 

and that of filling from cd to gh, is 1 log. 

byg ^ b y/x 

(V^c + ya y'c — y^cf. _ 
. . 1 for the whole time required. And, using 
y/c^y/a y/c-\-y/df ^ 

■ A ri/6 - i/3 , 6 

the numbers in the prob., this becomes — - -;; + -— X 1- 

3y</ '- 3 v42 

.|/42+j/9 ^ V42_-j/6. -| _ 0.03577277 a* the time in terms of A 
^t/42 - y/^ 1/42 + t/6 -' . . 
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the area of the length and breadth, or horizontal section of the ditches. 
And if we aappose that area to be 200,000 sqoare feet, the time required 
will be 7164", or l^ 69' 14". 

And if the sides of the ditch slope a little, so as to be a little narrower 
at the bottom than at top, the process will be nearlj the same, substi- 
toting for ▲ its yariable value, as in the preceding problem. And the 
time of fiUing will be yery nearly the same as that above determined. 



PBOBLEM-If the Wator for fUling the Bitdies be the Tide, which at 
low water is below the bottom of the tnmk, and rises to sappose 9 
feet above the bottom of it by a regvlar rise of one foot in half-an- 
hour; it is required to ascertain the time of fOling it to 6 feet 
high, as in the last problem. 

Let AODB represent the sluice ; and when the tide has risen to any 
height OH, below co the top of the sluice, without the ditches, let vf be 
the mean height of the water within. 

And put 6 = 3 = AB = AO ; j [ 

A := horizontal section of the ditches ; 

X=ZAQl 

2r=: AB. 
Then ^g I y'EO :: 2g :2\/g (x—z) the velocity of the 
water through aefb; and \/g : i/bg :: ig :i\/9 (^-0 ^^ mean 
velocity throagh bohf*, therefore Zbz^g (x—zyia the quantity per 
sec. through abtb; and J6 (x— «) \^g (*— z) is the same throagh 
bght; consequently fft t/<7 X (2* + z) -/(*-«) is the whole 
through AOHB per second. This quantity divided by the surface 

A, gives ' 



\ 




D 

H 
P 




A 




B 



— X (2 jr + 2) x/^x—z) = V the velocity per second with 



3a 

which BF, or the surface of the water in the ditches, rises. Therefore 

^ __ « _ 3a i 

vlzlll •<-; -2V^ X(2;r + zV (*-;.)' 
But as OB rises uniformly 1 foot in 30' or 1800", therefore 1 : AO :; 
1800" : 1800X = i the time of the tide rising through ao ; consequently 

I = I800i = — ^-- X .^ , * . :. or fiiz'=(2jf+z)|/(jr-.z).i 

2b\/g (2x + z)t/(x-z) 
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is the flaxional eqna. expressing the relation between s and z ; where m 

▲ 3200 

= = or 13WI when ▲ = 200,000 square feet. 

1200b \/g 231 » -1 

Now to find the fluent of this equation, assume z = Ax' + Kr^ -f> 

cx^^+ Dx^ &c. So shall 

t/(x-z) = x* - f .* - J^l+l?xJ - J^!+±^i±i5:r¥ &C., 
2 8 16 

2x-\-z=: 2z + Ju?* 4" B* + C^ ^' 



(2d7 + J?) t/ (j?-2) i = 2^' i * 



-?^A-^^1±J?^*^ 






i &c, 



and ma = fmAJ7*i -l-|»iRr*i + ymcor'i + ^%Da:*i &c. 
Then equating the coefficients of the like terms, 



so shall 
t»»A = 2, 

glMB = 0, 

ymc = - }a», 

Vjwd = - |a« - |ab, 



and eonsequently, 
4 






5ni' 



B^O, 

c= — 



24 



Dn — ■ 



275»i»' 

16 
875ni* 



&c. 



Which values of a, b, o, &a, substituted in the assumed value of z, give 



.= ±^i.-_^^^i-_l^,^^^&c. 



5m 



275m» 



875in* 



or 2 = — d? ^ very nearly. 
5m 



I 



And when j? = 3 =: ac, then z =: .886 of a foot, or lOf inches, = ae, 
the height of the water in the ditches when the tide is at CD or 3 feet 
high without, or in the first hour and half of time. 

Again, to find the time^ after the aboTC, when bp arrives 
at CD, or when the water in the ditches arrives as high as 
the top of the sluice. 

The notation remaining as before^ 
then 2bz\/g (x — z) per sec. runs through ap, 
and |&(3 — z^^g{x — z) per sec. through bd nearly; 
therefore ^^g X (12 + ^)v^(^ — ^) is the whole per sec. 
through AD nearly. 
2b^g 



oonseq. 



5a 



X (12 + z^^(x — 2) = w is the velocity per second of 
the point b ; and therefore 
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V :g 



; 5a 



wu = (12 + z)\/(x — z) Js, where m = 



A 



= 1800x or 
23j^ nearly. 



720b\/g 
Aifame z = at' + b** + cw?' + Da?' &c. So shall 

,/(x~z) == ** -^*i-:^J?,l - fL±i^-H?£^i &c. 

^^ ' 2 8 16 

12 + 2 = 12 + Ajp* + B** + C** &C. ; 

(12 + 2> t^(* — 2) . i = 124P*i — 6AJ?'i — (|A* + 6B>p'i &C. 

iiu = imArs^ -|-|"*Bdr'x +incxh &c 

Then, equating the like terms, &c., we have 

8 24 96 64 

A ^ — , B = — , o ^ — , D = — nearly, &c. 
m m* 5m» Sm* 

„ 8 I 24 . 96 I . 64 

Hence z = — j? — — x^ + — jr + — ** &c. 

8 I 

Or«=_j» nearly. 

But, hy the first process, when « := 3, z = .886; which snhstitated 

for them, we have z =: .886, and the series = 1.63; therefore the correct 

fluents are 

.81 24 . 
X — .886 = — 1.63 + -or* — — *» &c. 
m m" 

8 1 24 ^ 
orz + .744 =-«' — — ** &c. 

ai m* 

And when z = 3 = ag, it gives x = 6.369 for the height of the tide 
withoat when the ditches are filled to the top of the sluice, or 3 feet high; 
which answers to 3*» 11' 4". 

Lastly, to find the time of rising the remaining 3 feet ahoye the top of 
the sluice; let 

J? ^ CO the height of the tide ahore cd, Gj 1^ 

z = OB ditto in the ditches ahove cd; ^ i^ 

and the other dimensions as before. 
Then \/gi ^ bg : : 2^ : 2^/^ (* — z) = the velocity with 
which the water runs through the whole sluice ad; conseq. - 
AD X 2|/^ (d? — z) = 18^^^ (or -^ z) is the quantity per 



second running through the sluice, and 



ISX^g 



(x — z) = « the 



velocity of z, or the rise of the water in the ditches, per second; 



Digitized by VjOOQiC 



cxv 

ApPBNDIX to RvMAEKS on TBI VSB OF TBI TaBLIS. 



hence»:i;: 1"; i = - ^TTT' X "77^ — • = ISOOi, andW^z i 

▲ 8200 

i/ (* — 2;) 18 the fluzional equation: where ai = ;= 

^ \%QFV9 2079 

To find the flaent, 
Assome z = aj?» + BJr*+cj?»4"D** &c. 
Then x — z^» — Ajr» — ^b*»— cr' &c. 

X y{x — z)=:s X — -X X — X x «c. 

2 8 

flu = fjtAjr X + ^iB« « + 1"<^ ' ^* 
Then equating the like term, giyes 

2—11—1 

A = — , B = 7, C = j D = -. &C. 

3n 6a* 90a>^ 810»« 

« 2 8 1 1 I 1 

Hence z= — j?— — x^A x — x^ &c 

3a 6a* 90a* 810a« 

But bj the second case, when zz=zO,x=z 3.369, which being used in 

the series, it is 1.936; therefore the correct flaent is z = — 1.936 -{- 

2 i I 

""* — — ** &c. And when z:=zS, a = 7; the heights aboye the 

3a 6a* . » © 

top of the slnice, answering to 6 and 10 feet aboye the bottom of the 
ditches. That is, for the water to rise to the height of 6 feet within the 
ditches, it is necessary for the tide to rise to 10 feet without, which just 
answers to 5 hours; and so long it would take to fill the ditches 6 feet 
deep with water, their horizontal area being 200,000 square feet. 

Further, when x = 6, then « = 2.1 17 the height above the top of the 
sluice; to which add 3, the heigth of the sluice, and the sum 5.117, is 
the depth of water in the ditches in 4^ hours, or when the tide has risen 
to the height of 9 feet without the ditches. 
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SLUICES, TANKS, RESERVOIRS, & VERTICAL PIPES.— Table 1 





TABLE OF DISCHARGE FOR VARIOUS HEAI 


s. 




.oa to .80 Feet. 


Column B, gives the natural or theoretic velocity In feet, per minute, acquired by water, 1 1 


or any other body, (Uling at the several heights in tlie colmnn A. 






side walls, and for very large sluices— through wide openings wliose bottom is level with 


that of the reservoir. This column also gives tlie discharge throqgfa vertical pipes and 


narrow ill-built bridges, by deducting l-9th from the product. 




Column D, gives the effsctlve velocity of water passing through sluices without side walls, 1 1 


such as used commonly upon mill-streams and rivers, OBdersbot wheel-gates 
locks. 




i{ii2«.->MulUpIy the area of the orifice. In feet, by the disohaise opposite the given height. 1 


either in column C or D, acconUng to the nature of the case. See also page 1—2 for | 


further uses. 




A 


B 


c 


D 


A 


B 


C 


D 


Head of 


Natural 


Eflfecttve 


Effective 


Head of 


Itetonl 


Eflsctiva 


SlRscti've 


Water. 


Velocity. 


Velocity. 


Velocity. 


Water. 


Velocity. 


Velocity. 


Velocity. 


Fe«t. 


Feet per 


Feet per 


Feet per 


Feet. 


Feet per 


Feet per 


FMp«r 


minute. 


mhiute. 


minute. 


minute. 


minute. 


minute. 










.41 


308.48 


188.0 


19Z.1 


,o% 


67.96 


63.7 


41.4 


.41 


311.33 


191.6 


194.4 
196.7 


.OJ 


8|.j8 


77.8 


00. 


•43 


3i6.eA 
319.56 


195.1 


.04 


96.40 


90.0 


.44 


*98-3 


199.0 


:°cl 


107.7Z 
118.09 


100.3 


67.0 


:% 


313.4* 
326.79 


301.9 


101. X 


ItO.l 


73.4 


305.1 


»J.4 
105.6 

107.8 


:3 


117.49 
ijS.JO 


118.8 
117.3 


ij:l 


:% 


|30.4> 

334.0a 


308.5 
3U.8 


■^ 


1^2 


«S:» 


JS 


^^ 


m 


110.0 

8134 


.11 


106.77 

173. 5Z 


148.9 


99.4 


•S" 


144- »5 


311.3 


116. J 
118.4 


.1% 


101.0 


103.9 

108.1 


•J* 

.53 


347.5* 
350.89 


344.4 
317.6 


•M 


X80.Z7 


168.3 


111*1 


.54 


35<.*? 


330.7 


UtU4 


M 


186.53 
191.80 


174.1 
180.0 


116. 1 

IIO.O 


■M 


360. « 


IU:l 


111-5 

114. 5 
126.5 


.i? 


198.58 


185.4 


113.6 


'57 


363.91 


339.7 


.18 


104.37 


190.8 


117.1 


.58 


367.04 


341.7 

3^:1 


118.4 


j»S 


Z10.15 

215.45 


196.1 
20U 


m 


:& 


ntn 


1^2:3' 


.ZI 


116.06 


106.1 


137.4 


.61 


376.44 


351.4 


136.1 


.zz 


III.O 


140.7 
143.8 


.6z 


385.60 


354.' 


.*3 


131. 11 


115.5 


.63 


360.0 


138.1 


.14 


136.18 


110.5 


146.9 


.64 


140.0 


:JI 


141.00 


125.0 


150.0 


:U 


388.49 
391.38 


361.7 


141.8 


145.8* 


119.5 


151.9 
155.8 


365.4 


143.7 


.Z7 


150.40 


433.5 


.67 


394.17 


368.3 


145. S 


.z8 


154.98 


138.0 


;|8.7 

164.i 


.68 


397.45 


371.0 


147.4 


M 


s^.i^' 


141.1 
9S.4 


.^ 


mi 


Mi 


2^0 


.J> 


a68.33 


»jo.s 


167.0 


.71 


406.13 


J79.1 


151.8 




176.67 


¥ 


169.6 
172.3 


.71 
•73 


408.07 

41 1. 01 


381.8 
384.3 


*56*.3 


•34 


181.00 


'749 


.74 


414.5a 


387.0 


158.0 


:li 


185.10 
189.20 


166.1 

170.0 


'^i 


:U 


417.41 
420.06 


389.7 
391.1 


U?:', 


•37 


196.91 


173.6 


181.4 


.77 


411.71 
415.60 


394.6 


.Sj.i 


.18 


177.3 


184.9 


.78 


397.3 


S68J 


:ii 


^& 


180.9 
284.5 


■m 


.^ 


^fl 


4^:1 
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SLUICES, TANKS, RESERVOIRS, & VERTICAL PIPES.-Tablb 1 



TABLE OF disc: 


EAEQE 


POE 


VAEIOXTS HEADS. 

St. 


.ai to 850. Fe< 


A 


B 


c 


D 


A 


B 


c 


D 


Head of 


Natural 


Effectire 


Eilfecrtve 


Head of 


Natural 


Effectire 


EfliBCtlre 


Water. 


Velocity. 


Velocity. 


Velociiy. 


Water. 
Feet. 


Velocity. 


Velocity. 


Velocity. 


Feet. 


Feet per 


Feet per 


Feet per 


Feet per 


Feet per 


Feet rer 


minute. 


minute. 


minute. 




minute. 


minute. 


mluute. i 


.81 


433.80 


405.00 


170.00 


7.15 


1198.01 


1111.8 


807.9 1 


.82 


4l6.xi 


407.5 


171.6 


7.50 


1310.10 


1131.5 


811.7 


.8j 


439.10 


409.9 


^7^^^ 


Z'7* 


1341.89 
1363.09 
1384.30 


1151.8 


835.* i 


S 


441.51 
444-40 
446.81 


411.4 
414.9 


l^l 


8.00 
8.15 


1171.6 
1191.4 


2^.1 ! 


417.1 


178.1 


8.50 


1405.03 


1311.7 


874.5 


•5Z 


449-56 


420.6 


179.8 


8.75 


14*5.75 


1331.1 


887.4 


.88 


451." 


411.1 


181.4 


9.00 


14^6.00 


1386.§ 


900.0 


.^ 


^:M 


^:4 


181.0 
884.5 


lii 


14^.'^2 


^l 


.91 


459- 8 J 


4*9- J 


186.1 


9-75 


1504.80 


1404.9 


936.6 


•9* 


461.14 


4JI.5 


187.7 


10.00 


151408 


1411.9 


%X 


93 


ti 


4n.8 


1G9.1 


10.15 


\U\:'^ 


1440.9 


•94 


436.3 


190.8 


10.50 


1458.0 


i':? 


ill 


469.76 


438.6 


191.3 


10.75 


1580.47 


1475.5 
1491.6 


471.11 


440.8 


193.9 


11.00 


'198-79 


1006.1 


:% 


474.77 


44?. a 


»y5.4 


11.15 


1616.61 


1509.3 


477- »8 


445.5 


196.9 


11.50 


1634.46 


1515.9 

mi 


1017.3 

1018.4 

1089.8 


liSS 


4Sr<^ 


4^:^ 


^:i 


il.U 


166^.641 


1. 10 


JO5.61 


471.0 


3.4.6 


ii.ij 


1687.00 


1575.0 


1050.0 
1060.5 


1.20 


5*7.79 


49».7 


318.6 


11.50 


1703.87 


1606.9 


i.»j 


5)8.87 


503.1 


335.4 


11.75 


1711.11 


1071.3 
1081. 5 


i.?o 


549.58 


513.0 


341.0 


13.00 


1737.61 


1611.1 


1.40 


570.10 


53».1 


354.9 
367.4 

379-5 
393.1 


13.15 


1754.48 


1638.0 


1091.0 


1.70 


637!l8 

6^.60 


55»-« 


13.50 
13.75 
14.00 


1770.86 


Jg3.9 


1101.1 
1111.^ 

IIU.O 


lii 


m 


^i 


ilSi 


iil 


viSSA 


mi 


1.90 


664.19 


610.1 


4>3.5 


14.75 


1850.88 
1866.78 


1718.00 


1151.0 


z.oo 


&II 

714.80 


636.3 


414.* 


15.00 


1741.85 


1161.9 


X.IO 
X.IO 


P 


434.7 
444.9 


15.50 
16.00 


1897.63 
1918.00 


1771.65 
1800.00 


1181. I 
1100.3 
1118.6 


X.iJ 


713.00 


Si:: 

697.0 


450.0 


16.50 


1957.88 


1 17.90 


1.30 

Z.40 


761.04 


^;:? 


17.00 
17.50 
18.00 


1987.18 
1016.10 


1881.35 


1136.9 
1154.9 


2.70 


711.4 


Mi 


ao45.w 


1909.35 


1171.9 


•ISt^ 


m 


18.50 
19.00 


sS^os 


1^^ 


mh 


».?$ 


^11 


746.1 


497.5 


19.50 


1118.51 


vxrf.10 


1314.8 


x.8o 


^:5 


501.0 


10.00 


1155.50 


1011.40 


1341.6 


X.90 
3.00 
3.15 


810.84 
834.81 
869.04 


510.0 
519.6 

540.9 
561.3 


15.00 
30.00 
35.00 


1^10.00 

1639.91 
1851.51 


1150.00 


1774.8 


J. 50 


901.81 


841.9 


40.00 


3048.16 


1845.80 


1897.1 


3-7« 


91J.>5 


871.1 


600.0 


45.00 


3133. »5 


3018.60 


1011.4 1 


4.00 


964.00 


900.0 


50. .0 


3408.11 


3181.95 


1111.3 1 


^-^ 


iM& 


M:i 


618.3 
686.8 


li:~ 


^^.57 


ma 


i»m-| I 


4.7J 


1050.76 


981.0 


654.0 


65.00 


3885.88 


3617.9 


1418.6 


J.OO 


1077.75 
1104.16 


1006.1 


670.8 


70.00 


4031.41 


3764.70 


1598.0 
1683.1 


5*5 


1030.9 


687.3 


75.00 


4174." 


3897.0 


5.50 


1130.19 


1055.1 


7"J-5 


80.00 


4311.00 


4014.80 


6.00 


1155-83 


1079.1 


7'9.4 


85.00 


4443-55 


4'48.5 


3*4:1 


1180.41 


IIOI.O 


734.7 


90.00 


457».73 


4269.1 


1 6.z$ 


1105.00 


1115.0 


750.0 


95.00 


4698.05 


4386.1 


1914.1 


. 6.50 


1118.61 


1149.0 
TT69.I 
1190.7 


764.7 


lOO.OO 


^10.00 


& 


3000.0 


i(i^ 


iMi:^ 


mi 


100.00 
250.00 


^.0 



Digitized by VjOOQIC 



WEIRS OB OVERFALLS.- 


—Table 2 




DISCHAEQE, 


1 


IW CUBIC FEET PEK MINUTE FOR ONE 


FOOT IN LENGTH. 1 


B.VLE.^Multiply the Quantity in the Table, opposite the given Depth, by 1 
the length of the Weir in Feet; using Decimals for Fractional Parts. | 


faUing 
over. 


Diwharge 
M^nte. 


Depth 
faUing 
oyer. 


Discharge 
Minute. 


Depth 
fidllng 
over. 


DiBchaige 
M^te. 


Feet. 


GaMc Feet. 


Feet. 


Cubic Feet 


Feet. 


Cubic Feet. 






•51 


77.53 


1. 01 


217.21 


.02 


0.60 


.5* 


79.87 


1.02 


220.42 


.03 


l.IO 


.53 


82.22 


1.03 


223.63 


.04 


1.70 


.54 


84.56 


1.04 


226.84 


•05 


a. 37 


.55 


86.69 


1.05 


230.05 


.06 


3-13 


.56 


89.24 


1.06 


233.47 


.07 


3-93 


.57 


91.59 


1.07 


236.68 


.08 


4.82 


.58 


93.93 


1.08 


240.32 


.09 


m 


.59 


96.49 


1.09 


243-53 


10 


80 


98.83 


1.10 


248.96 


.11 


7.77 


.61 


101.38 


l.ll 


250.38 


.12 


8.84 


.62 


103.94 


1.12 


253.80 


.13 


9-97 


.63 


106.50 


1.13 


257.23 


,14 


11.14 


.64 


109.05 


?.i4 


260.65 


.15 


".35 


.6s 


111.61 


1.15 


264.07 


.16 


13.63 


.66 


114.17 


1.16 


267.50 


.17 


14.91 


.67 


116.72 


1.17 


270.92 


.18 


16.18 


.68 


119.28 


1.18 


274.35 


.2^ 


17.46 

18.95 


.•^ 


122.05 
124.80 


L20 


9]^M 


.21 


20.44 


.71 


127.37 


1.21 


284.83 


.22 


ai.93 


.71 


130.14 


1.22 


288.26 


•23 


23.43 


.73 


13*. 91 


J. 23 


291.89 


.24 


24.92 


.74 


135.46 


1.24 


295.32 


fH 


26.62 


•75 


138.88 


1.25 


298.95 


,z6 


28.11 


.76 


141.66 


1.26 


302.59 


.27 


29.82 


•77 


144.45 


1.27 


306.23 


.28 


31.60 


.78 


147.23 


1.28 


309.87 


.-^ 


^-93 


.8^^ 


150.22 
163.00 


1.30 


iMl 


'31 


36.63 


.81 


156.00 


1.31 


320.57 


.3* 


38.34 


.82 


158.78 


1.32 


324.42 


.33 


40.^5 


.83 


161.78 


i»33 


328.23 


.34 


41.17 


•84 


164.56 


1.34 


331.70 


.35 


43.88 


.85 


167.77 


1.35 


335.34 


.36 


45.00 


.86 


170.55 


Ui6 


339.19 


.37 


47.71 


.87 


173.55 


1.37 


343.04 


.38 


49.84 


.88 


176.55 


1.38 


346.89 


.^ 


51.76 
63.87 


.s 


urn 


i.'^ 


ii^U 


•41 


55.80 


.91 


185.75 


1.41 


358.02 


»4a 


57.93 


•9* 


188.74 


X.42 


361.87 


.43 


60.06 


•93 


191.74 


1-43 


365.94 


.44 


62.19 


.94 


194.95 


1.44 


369.79 


.45 


64.32 


'9S 


197.95 


J. 45 


373.64 


.46 


66.45 


.96 


200.94 


1.46 


377.28 


.47 


68.58 


.97 


204.37 


1.47 


381.13 


.48 


70.71 


.98 


207.58 


1.48 


384.98 


J 


M 


1.0^^ 


210.79 

214.00 


li^ 


392.90 
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WEIRS OB 


, OVERFALLS.- 


-Table 2 




DISCHARGE, 


1 


TH CUBIC FEET PER MINUTE FOR ONE FOOT IN LENGTH. 


RvLE.— Multiply the Quantity in the Table, opposite the given l)e])th, by 


the length of the Weir in Feet; wing Decimals for Fractional Parts. 


Depth 


Discharge 


Depth 


Discbaiige 


Depth 


Discharge 


falling 


per 


falling 


per 


falling 


MJ^ute. 


over. 


Minute. 


over. 


Minute. 


over. 


Feet. 


Cubic Feet. 


Feet. 


Cubic Feet 


Feet. 


Cubic Feet. 


l-5« 


396.97 


2.01 


609.90 


2.5» 


8^0.65 


1-5* 


401.03 


2.02 


614.18 


2.52 


855-78 


^'Sl 


404.89 


2.03 


618.89 


a-53 


860.70 


1-54 


408.95 


2.04 


623.38 


a. 54 


866.27 


^'SS 


412.80 


2.05 


627.66 


*-55 


871.40 


1.56 


416.87 


2.06 


632.58 


2.56 


876.54 


1-57 


420.94 


2.07 


637.50 


2.57 


881.46 


1.58 


4^5 00 


2.08 


641.78 


2.58 


886.60 


1.59 


429-07 


2.09 


646.28 


2.59 


891.73 


L60 


433.13 


2.10 


65L20 


2.60 


896.87 


1.61 


437.20 


2. II 


655.69 


2.61 


902.01 


i.6z 


441.26 


2.12 


659.40 


2.62 


907.14 


1.63 


445-33 


2.13 


664.90 


2.63 


912.92 


1.64 


4^9.18 


2.14 


669.82 


2.64 


918.06 


1.65 


453 -as 


2.15 


674-53 


2.65 


923.19 


1.66 


457.10 


2.16 


679.02 


2.66 


928.33 


1.67 


461.59 


2.17 


683.94 


2.67 


933-68 


1.68 


465.88 


2.18 


688.44 


2.68 


939-46 


1.69 


470.16 


2.19 


692.71 


2.69 


943-95 


1.70 


474.44 


2.20 


898.07 


2.70 


949.30 


1. 71 


478.29 


2.21 


702.77 


2.71 


954.44 


1.7a 


482.57 


2.22 


707.70 


2.72 


959-79 


1-73 


486.85 


2.23 


712.40 


a. 73 


965-14 


1.74 


491. «3 


2.24 


717." 


2.74 


970.27 


1-75 


495-41 


2.25 


722.25 


^.75 


975-62 


1.76 


499.69 


2.26 


726.74 


2.76 


980.97 


1.77 


503-97 


2.27 


731.45 


2.77 


986.32 


1.78 


508.25 


2.28 


736.59 


2.78 


992.31 


1.79 


512-53 


2.29 


741.29 


2.79 


997.02 


1.80 


516.81 


2.30 


746.00 


2.80 


1,002.32 


T.81 


52^.09 


2.3« 


751.35 


2.81 


1,007.72 


1.82 


525-37 


2.32 


756.06 


2.82 


1,013.29 


1.83 


529-65 


2.33 


760.77 


2.83 


1,018.64 


1.84 


533-93 


2.34 


766.12 


2.84 


1,023.99 


''li 


538.4* 


2.35 


770.82 


2.85 


1,029.55 


1.86 


542.92 


2.36 


775.53 


2.86 


1,034.90 


1.87 


546.98 


2.37 


780.67 


2.87 


1,040.46 


1.88 


551.48 


2.38 


785.80 


2.88 


1,045.81 


1.89 


iik^ 


2.39 


790.5" 


2.89 


1,051.38 


1.90 


2.40 


795.44 


2.90 


1,056.94 


1.91 


564-74 


2.41 


800.36 


2.91 


1,062.29 


1.91 


569.02 


2.42 


805.28 


2.92 


1,067.86 


1.93 


573.52 


2.43 


810.63 


2.93 


1,073.42 


1.94 


578.22 


2.44 


815.55 


2.94 


1,078.34 


1.95 


582.50 


2-45 


820.49 


2.95 


1,083.91 


1.96 


587.21 


2.46 


825.40 


2.96 


1,089.47 


1.97 


591-49 


2.47 


830.32 


2.97 


1,095.03 


1.98 


596.20 


2.48 


835.88 


2.98 


1,100.60 


1.99 


600.48 


2.49 


840.80 


2.99 


1,106.38 


2.00 


60519 


2.5t 


845.73 


3.00 


i,m.94 
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VELOCITIES OP RIVERS.— Tables 



TABLE OF SUBFACE, MEAV ft BOTTOM VELOCITIES 

ov 


STREAMS, RIVERS AND TIDAL ESTUARIES. 


From 5 to aoo Foot p«r Minute. 








Hon.— For velocities in inches, per second, divide the talmlar nnmbers by 5. 


For miles per hoar, multiply the tabular nnmbers by .01136. 


Surfue 


Mean 


Bottom 


Sur&ce 


Mean 


Bottom 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


«^ Minute. 


^Minute. 


^ Minute. 


VMinnte. 


V^ Minute. 


^ Minute. 








102.5 


82.35 


62.2 


5. 


2.50 


.0 


105. 


84.60 


64.2 


7'S 


3.90 


.3 


107.5 


86.80 


66.1 


lO. 


5.45 


•9 


no. 


89.05 


68.1 


12.5 


7.10 


1.7 


112. 5 


91.30 


70.1 


15. 


8.85 


2.7 


"5. 


93.55 


72.1 


17.5 

20. 


10.65 

12.50 


ki 


117.5 

120. 


m 


76.0 


2i.5 


14.40 


6.3 


122.5 


100.25 


78.0 


*5. 


i<J.35 


7.7 


1^5. 


102.50 


80.0 


*^5 


18.30 


9.1 


1*7.5 


104.75 


82.0 


30. 


20.25 


10.5 


130. 


107.00 


84.0 


32.5 


22.05 


12.0 


132.5 


109.25 


86.0 


35. 


^4-30 


13.6 


135. 


111.55 


88.1 


37.5 


26.30 


15.1 


137.5 


113.80 


90.1 


40. 


28.35 


16.7 


140. 


116.05 


92.1 


4».5 


30.45 


18.4 


142.5 


118.30 


94.1 


45. 


32.50 


20.0 


145. 


120.60 


96.2 


47.5 


34.60 


21.7 


147.5 


122.85 


98.2 


50 ' 


36.70 


234 


150. 


125.15 


100.3 


S^'S 


38.80 


25.1 


152.5 


127.40 


102.3 


55- 


40.95 


26.9 


155. 


129.65 


104.3 


^■' 


^M 


28.6 

30.4 


1^^.^ 


1^20 


106.4 
108.4 


62.5 


47.35 


32.2 


162.5 


136.50 


no. 5 


65. 


49.50 


34.0 


165. 


138.80 


112.6 


67.5 


51.65 


35.8 


167.5 


141.05 


114. 6 


70. 


53.80 


37.6 


170. 


143.35 


n6.7 


7*. 5 


55.95 


39.4 


172.5 


145.65 


118. 8 


75. 


58.15 


41.3 


175- 


147.95 


120.9 


77.5 


60.30 


43.1 


177.5 


150.20 


122.9 


80. 


62.50 


45.0 


180. 


152.50 


125.0 


82.5 


64.70 


46.7 


182.5 


154.80 


127. 1 


85. 


66.90 


48.8 


185. 


157.10 


129.2 


87.5 


69.10 


50.7 


187.5 


159.40 


131.3 


90. 


71.30 


5Z.6 


190. 


161.70 


133.4 


9^'S 


73.50 


54.5 


192.5 


164.00 


135.5 


95' 


75.70 


56.4 


195. 


166.30 


137.6 


i^'' 


77.95 


58 4 


197.5 


168.60 


139.7 


80.15 60.3 1 


200. 


170.90 


141.8 
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VELOCITIES 


OP RIVERS. 


—Table 3 


TABLE OP SUBFAGE, MEAH & BOTTOM YELOCITIBS 


STREAMS, RF 

rromaos 


VEBS AND TIDAI 


1 ESTUARIES. 


l.5to050rMtp«i 








30 feet per minate will not difltmb day witb 


nadaBdHoMa. 


40 




60 
190 


»t »9 ft 
t> ff tf 


lonnfliw 


rel. 
pebUea. 


180 


»» »» >» 


angular 


atones. 


Sarfiaoe 


Mean 


Bottom 


Smrfue 


Heaa 


Bottom 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


ip* Minute. 


^Hinnte. 


^Minute. 


^Minnta. 


f^Hinnte. 


ruinate. 


202.5 


173.20 


143.9 


305 


268.4 


231.9 


205.0 


175.50 


146.0 


310 


273.1 


236.3 


207.5 


177.80 


148. 1 


315 


277.8 


240.6 


210.0 


180.10 


150.2 


320 


282.5 


245.0 


212.5 


182.40 


152.3 


325 


287.2 


249.4 


215.0 


184.75 


154.5 


330 


291.9 


253.8 


217.5 

220.0 


187 05 


156.6 


M 


296.0 


258.2 


189.35 


158.7 


30L2 


262.5 


222.5 


191.65 


160.8 


345 


305.9 


266.9 


225.0 


193.95 


162.9 


350 


310.6 


271.3 


227.5 


196.30 


165. 1 


355 


315.3 


275.7 


230.0 


198.60 


167.2 


360 


320.1 


280.2 


^32. 5 


200.90 


169.3 


365 


324.8 


284.6 


»35-o 


203.25 


171.5 


370 


329.5 


289.0 


2^;^ 


2ol:^ 


173.6 
175.7 


^ 


m 


m 


242.5 


210.20 


177.9 


385 


343.6 


302.3 


245.0 


212.50 


180.0 


390 


348.3 


306.7 


^47. 5 


214.85 


182.2 


395 


353.0 


311. 1 


250.0 


217.15 


184.3 


400 


357.8 


315.6 


^5^.5 


219.50 


186.5 


405 


362.5 


320.0 


255.0 


221.80 


188.6 


410 


367.2 


324.5 


2^^ 


224.15 


190.8 


SI 


371.9 


328.9 


226.45 


192.9 


376.7 


333.4 


262.5 


228.80 


195.1 


425 


381.4 


337.8 


265.0 


231.10 


197.2 


430 


386.1 


342.3 


267.5 


233.45 


199.4 


435 


390.8 


346.7 


270.0 


235.75 


201.5 


440 


395.6 


351.2 


272.5 


238.10 


203,7 


445 


400.3 


355.7 


275.0 


240.45 


205.9 


450 


405.1 


360.2 


280.0 


2l5.1^ 


208.0 
210.1 


500 


452 .f 
500.6 


mi 


282.5 


247.45 


212.4 


600 


547.7 


495.5 


285.0 


249.75 


214-5 


650 


595.5 


541.0 


287.5 


252.10 


216.7 


700 


643.3 


586.7 


290.0 


254.45 


218.9 


750 


691.2 


632.5 


292.5 


256.75 


221.0 


800 


739-2 


678.5 


295.0 


259.10 


223.2 


850 


787.3 


724.6 


297-5 
300.0 


261.45 


225.4 


900 


883.6 


770.8 


283,75 


227.5 


950 


817.2 



A 6 
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ARTERIAL DRAINS, NEW CUTS AND RIVERS.— Table 4 



TABLE OF DISGHABOE AlTD VELOCITIES, 

IK CUBIC Ain> LINEAL FEBT FEB MIKUTB, 

For Cuts of any kind at the Spedfled Kates of Fall per Mile, and with the Depths of 
Water and Bottom Widths stated In the First Colnmn. 

With Slopes of a to 1 throuflrhoiit. 





fla. -| 


For the 


8 


Discharge 
and Velo- 


12 


city of any < 


16 


Cut having 
aFaU per 


20 


MUeof .. 


24 




. 86 J 





rJsL 


Take 


2 


twice the 


Discharge 


8 


& Velocity 


4 


ftom the 


Columns 


5 


respective- 


6 


lyof .... 




L 9 



For the 
Discharge 
and Velo- 
city of any 
Cut having 
a Fall per 
Mile of .. 



In. 

i 

f 

1 

U 

U 

L2i 



Take half 

the Dis- 
charge and 

Velocity 
firom the 

Columns 
respective- 
ly of .... 



In. 

2 

S 

4 

5 

6 

L 9 
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ARTERIAL DRAINS, NEW CUTS AND RIVERS— Tab lr 4 




DISCHARGE AKD VELOCITIES 




IN CUBIC AND 


LINEAL FBBT PBB MINUTB. 






At the foUowbiv Rates of Fall. 




2 inches 


3 inches 


4 inches 


5 inches 


6inches 


9 inches 


FALL. 


per mile. 


per mile. 


per mile. 




per mile. 


per mile. 




Dis- 




Dis- 




Dis- 




Dis- 




Dis- 




Dis- 




Bottom 


charge 


Vel. 


charge 


Vel. 


charge 


Vel. 


charge 


Vel. 


charge 


Vel. 


charge 


Vel. 


widths. 


cubic 


feet. 


cubic 


feet. 


cubic 


feet 


cubic 


feet. 


cubic 


feet. 


cubic 


feet. 


Feel 


feet. 




feet. 




feet. 




feet. 




feet. 




feet. 






r 4 


1*45 


41.5 


15*7 


50.9 


1764 
4196 


58.8 
61.0 


196* 


65^ 


2160 


7*.o 


*64o 


88.0 


*i 


i; 


1551 


43-1 


1904 


5*.9 


*455 


68.1 


281* 


74.8I 3*87 


91.3 


s 


^ 


1865 

4179 
1495 


44-4 


**84 
3056 


54.4 


1633 
306* 
3504 


6*. 7 
63.8 
64.9 


*93i 
343* 

39*0 


69.8 

71.5 

71.6 


3*34 

3773 
4304 


'^6 
79-7 


S 


97.9 


e>' 


14 


Z8M 


46.9 


3431 


57-* 


3960 


66.0 


46** 


73.7 


4848 


80.8 


« 


99.0 


1 


16 


1135 


47.5 


3847 


58.3 


44*8 


&•! 


49*9 


74. b 


5405 


81.9 


100.6 


1 


3456 


48.0 


4133 


58.8 


4867 


67.6 


5465 


75-9 


5976 


5'i 


73** 
8018 
9718 


101.7 


s 


3783 
4594 


48.5 

49-4 


$12 


1?:? 


1319 
6491 


68.* 
69.8 


5959 
7*63 


76., 
78.1 


65*1 
79*3 


83.6 
85.* 


I02.8 

104.5 




r 6 




46.0 


*55a 


56.1 


*953 


P 


3303 


7*.6 


36*6 


79.7 


44*7 


97.3 


i 


g 




47-3 


30*9 


57.7 


349« 


39*7 
4516 


74.8 


4*73 


81.4 


g|^ 


100. 1 


10 




48.3 


3534 


59-4 


405* 


68.1 


75-9 


6350 


83.5 


I02.3 


j3 


3171 


49.2 


3983 


59-9 


4608 


69.3 


5153 


77-5 


li-' 


694* 


104.4 


S 


14 


3675 


50.C 


4483 


61.0 


5174 


70.4 


5777 


78.6 


86.4 


7754 


105.5 


t 


1 


4073 


50.6 
5i.a 


tM 


61. 1 
6Z.7 


6300 


71.5 
7*.c 


6416 

7070 


i?:i 


7043 
775* 


U:l 


8630 
9476 


13:^ 


& 


51.7 


597* 


63.* 


6908 73.1 


769* 


81.4 


84*0 


89.1 


10,338 


109.4 


25 


59>3 


51.8 


7*01 
8404 


64.3 


8310 74.2 


9*96 


83.0 


It^ 


91.3 


",499 
14,615 


III.O 




Lso 


6915 


53.4 


64.9 


9751 75.3 


10,890 


84.1 


9*. 4 


113.3 




r 


^S6S 


45.8 


33*6 


iV.i 


3847 68.7 


4J78 


76.4 
78.^ 


4710 


i-^ 


675* 


102.8 


i 


i 


3187 


49.8 


3904 


4505 ,70.4 




1^6 


105.5 


367* 
4160 


51.0 
51.0 


4478 
5304 


6*.* 
63.8 


5184 7».o 
5848 73.1 
6519 74-* 


655* 


80.3 
81.9 


88.0 
90.2 


i?S 


107.2 

no. 3 


8 


4646 


5*.8 


5658 


64.3 


7304 


83.0 


91.3 


98*9 


111.7 


>* 


16 


5116 


53-4 


6*78 


65.4 


7**9 75.3 


8073 


84.1 


8870 


9*-4 


10,9*5 
11,897 
I*, 036 
15,615 


113.8 


^ 


18 


5616 
6104 
7339 


54.0 


6864 


66.0 


7945 ,76.4 

86*4 77.0 

JO, 375 |78.6 


8871 


85.3 


97*4 


93-5 


114.4 


« 


85 


54.5 
55.6 


900* 


66.5 
68.* 


11,616 


85.8 

88.0 


10,5*8 
I*, 698 
14,865 


r^ 


115.5 
118.3 




LSO 


85*7 


56.1 


10,533 


69.3 


I*, 114 79.7 


13,543 


89.1 


97.8 


i8,**5 


119.9 




r 8 


4005 


5».3 


4880 


63.8 


i$li Vs':i 


6303 


8*.4 


8883 


90.8 


8,500 
9,687 


III. I 


ts 


iS 


4565 


53,4 




65.4 


Z'99 
8108 


84.1 


9*- 4 


113.3 


1 


5140 


54.4 


77*8 


66.5 


884* 


77.0 


85.8 


94.G 


10,915 


115.5 


6 


569* 
6311 


r^ 


%^ 


,1:1 


9056 
9967 


lu 


9905 
10,890 


96.8 


I*, 130 
13,365 


:ii:l 


t 


u 


6,864 


56.S 


8408 


69.* 


9683 


2?:? 


10,8*5 


89. 1 


11,895 


97-9 


14,56s 


II9.9 


20 


7.464 


r. 


9T09 


69.8 


10,544 

I*, 6** 


11,771 


90.* 


I*, 920 


99.0 


15,790 
18,9*6 


1*1.0 


1 


25 


8,9*0 


10,939 


71.5 


82.5 
83.6 


14, 1*1 
16,409 


5>*.3 


15,483 


101. 2 


1*3.7 


80 


10,444 


59-4 


i*,74i 


71.6 


14,67* 

16,770 


93-5 


18,041 


10*. 8 


**,095 
*5,*65 


1*5.9 

1*7.6 






11,860 


59-9 


'4,59* 


73.7 


84.7 


18, 850 95. aj 


*o,57* 


103.9 



Digitized by VjOOQIC 



12 



ARTERIAL DRAINS 


, NEW CUTS AND RIVERS.- 


-Table 4 


DISCHARGE AHD VELOCITIES 


t 


IN CUBIC AKD LIHBAL FBBT PBK MINUTB, 1 


At the fiDllowliic Rates of Fall. 






2i]ieh6B. 


8 laehee. 


4mehef. 

per mile. 


5iiiehei. 


einehee 


Sinehet 


FALL. 


per mile. 


per mile. 


per mile. 


per mile. 


per mile. 


S?Mffi 


Dis- 




Dis- 




Dis- 




Dis- 




Dis- 




Dis- 




charge 


Vel. 


charge 


Vel. 


charge 


Vel. 


charge 


Vel. 


charge 


Vel, 


charge 


Vel. 


cubic 


feet. 


cubic 


feet. 


cubic 


feet. 


cubic 


feet. 


cubic 


feet. 


cuUc 


feet. 


Feet 


feet. 




feet. 




feet. 




feet. 




feet. 




feet. 




1 


1 


6zi$ 
6914 


54. 

^: 

57. 




66 
68 

69 

70 


97S 


81 




86 
88 
90 
9» 


11952 


100 


10395 
1 1830 


"5 
118 
120 
122 


8. 


16 


7579 


59- 


9*95 


7« 


10725 


82 


12012 


92 


13 156 


lOI 


16055 


1*3 


•O 


1! 


82) X 


61 


10080 


72 


11704 


83 


13090 


93 


14322 


102 


17556 


129 


^ 


i275 


10965 
12985 


73 

51 


12615 
14997 


1^ 


14100 
16835 


^ 


15510 
18462 


103 
105 


22610 


80 


IZJXO 


62 


15180 


17480 


H 


19580 


P 


21440 


107 


26280 


131 


•^L»| 


14107 


63 


I73M 


77 


19912 


22275 


99 


24480 


109 


*9947 


133 


1 


■g 


8^84 


60 
61 
62 


9649 
1077 1 
1 1840 


73 

'4 


11180 
"441 
13650 


u 

87 


15272 
I80I8 


i 


13718 
J5i9» 

18276 
19803 


104 
105 

107 


16830 


127 

129 
I3» 


s 


18 


I0535 
"394 


63 


11936 
13950 


77 
77 


;^ 


88 
90 


99 
100 


109 
110 


**344 
*4*40 


«33 
135 


20 


■SI 

16758 
1906? 


^ 


'*?>5 


? 


>7433 


9' 


19430 


lOI 


21331 


III 


26150 


i|6 


*L 


25 


$5 


17826 


80 


20512 


9» 


30230 


103 


25152 


"3 


30880 


■30 


1 


85 


66 
$7 


20512 
23265 


81 
82 


23688 
26987 


^ 


105 
107 


29106 
3302X 


"5 
117 


'^ 


14* 
143 


Iw 


2IZ78 


68 


26083 


83 


30201 


97 


33789 


108 


37065 


no 


4530* 


»4S 


.no 


10718 


$4 


13120 


78. 


15170 


90 


17001 


lOI 


1564 


119 


22713 


135 


i 


12 


I18II 


^ 


14396 


79- 


16707 


92 


18709 


103 


20511 


"3 


24988 


137 


i 


4 


12936 


15836 


81. 


18326 


93 


20462 


104 




114 


*7479 


140 




,6 


J 3965 


66 


17199 


82. 


19845 


94 


22155 


105 


*4*55 
26252 


"5 


*9799 


14* 


S 


18 


15144 


67 


18457 


82. 


21436 


95 


23878 


106 


117 


3*144 


143 


ti* 

^ 


1 


16231 
19055 


68 

70 


'S 


83 
85 


SU? 


$ 


25622 

30030 


108 
100 


f^ 


118 
120 


40370 


\U 


§• 


"!!I 


7> 


26765 


87 


1^ 

39085 


100 


34557 


112 


37884 


123 


46415 


«5« 


p 


-IS 


24696 
27631 


72 
73 


30184 
33679 


88 
89 


102 
103 


39033 
43659 


"4 
"5 


4*737 
47703 


\U 


m 


153 
«55 


.ri2 


15388 


69 


18838 


^ 


21683 


96.8 


24259 


108 


26611 


119 


3*636 


»46 


i 


so 


17310 


70 


21303 


»455i 


99.C 


27404 


no 


^ 


121 


36803 


I4« 


<S 


20736 


7* 


1537* 


88 


29289 


102 


3*774 


1;^ 


1*5 


44035 


;ii: 




2 * 


24173 


74 


29618 


90 


34079 
39008 


;^ 


38244 


41820 


127 


51*33 


S 


80 


27526 


75 


3378* 


9* 


43534 


118 


47729 


130 


58475 


159 


o6' 


lo 


309<57 


76 


37903 


93 


43941 


107 


49123 


120 


53815 


M* 


65973 


162 


34496 


77 


42112 


94 


48518 


108 


54700 
60121 
65630 
76243 


122 


|985x 
65733 
71913 
83 1 13 


133 


73158 


163 


! 


is 


37820 
41500 
48092 


79 


58854 


'9^ 

97 




no 
111 

112 


123 
124 
125 


137 


80528 
87964 
102326 


166 
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ARTERIAL DRAINS, NEW CUTS AND RIVERS.— Table 4a 
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CIRCULAR CULVERTS.— Table 4b. 
TABLE OF DISCHABGE AlTD VELOCITIES, 

IS CUBIC AND UKEAL FSBT FEB MIKUTB, 
For Cnlyerts or Sewers of diffeTent diameters, not Jittt^ hut canylng W*t«r to two 
several Depths and Areas specified in each case. 
The uae of this TaiU may U extended by the following Rule:— 



For the 
Discharge 
and Velo- 
city of a< 
Culrert 
havlD] 
fall 



7 



Mile. 
■ 8 
18 
16 
90 
24 
28 





Pt.V 




Mile. 




r 2 


Take 




twice the 


Discharge 




& Velocity ^ 




from the 


Columns 




of 





For the 
Discharge 
and Velo- 
city of any 
Culrert 
having 
faU - 



Irert 
«ring a 
I of 



FLV 
Mile. 



;1 



Take 
half the 
Discharge 
& Velocity, 
from the 
Columns 
of 



Ft. V 

Mile. 

- S 
8 

4 
5 
6 
7 
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EGG-SHAPED CULVERTS.— Table 4c. 
TABLE OF DISCHABGE AKD VELOCITIES, 

IN CUBIC AND LINEAL FEET PER KINUTE, 

For different sised Gulyerts or Sewers of the Egg form, not full^ hut eanylng Water 
to the several Depths and Areas specified in each case. 



The USB of this Table may U extended by ihe following Buie :^ 





FLV 




Ft^P" 


Mile. 


Mile. 




r 8 1 




r * 


For the 


12 


Take 


3 


Discharge 
and Velo- 


twice the 


16 


Discharge 


4 


city of a^ 


20 


UVelocityJ 


5 


Culvert 


from the 


having a 
fall of 


24 




6 


28 


of 


7 



Mile. 



For the 
Discharge 
and Velo- j 
city of any ^ 
Culvert 
Laving 
fall ' 



01 any^ , , ?- 
vert I ** I 
ins a II 



1 Take 
half the 
Dischai^ 
^& Velocity 
' l¥om the 
Columns 
of 



Ff. ^ 
Mile. 

2 

8 

4 

5 

6 

7 
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PIPES UNDER PRESSURE.— Table 6. 



TABLE FOB DISCHABOE, 

IN CUBIC FEET FEB MINUTE, 

APPLICABLE TO ANY LENGTH AND FALL. 



DUmeter of Pipes 1 Inch to lO foot. 

RuLS^— When fhe loigth, (all, and diameter are given, divide the tabular number opposite 
the diameter bif the square root qf the rate 0/ inclination; the result will be the diachange 
in cubic feet per minute. 

When the length, fall, and discharge are given, muftiply the ditdtarge by the square roo^ 
of the rate of tncHnalion; find the nearest corresponding number in the table, and 
opposite to it is the required diameter. 

When the length, discharge and diameter of pipes are given, dinide the tabular number 
for the given diameter by 'he discharge ; square the result, and divide by it the length qf 
pipe; the quotient is the head required for driving the given quantity of water 
through the pipe. 

Note.-'A}l terms are to be taken in feet and cubic feet oer minute. 



Diameter 


Tabular 


Diameter 


Tabular 


Diameter 


Tabular 


of Pipes. 


No. 


of Pipes 


No. 


of Pipes. 


No. 


Ft. In. 


+ >/Fall. 


Ft. 


In. 


•*• -/Fall. 


Ft. 


In. 


+ A/Fall. 


1 


4-7 


1 


9 


9.544 


3 


6 


53.994 


1} 


13.0 


1 


10 


10,717 


3 


7 


57.*5o 


2 


a6.4 


1 


11 


4.971 


3 


8 


60,625 


3 


73.6 


2 





13, 3*7 


3 


9 


64,14a 


4 


150.7 


2 


» 


14.753 


3 


10 


67,770 


6 


262.9 


2 


2 


16,267 


3 


1 1 


71,494 


6 


416.5 


2 


3 


17,881 







75,391 


7 


611. 4 


2 


4 


19.513 




3 


87.713 


8 


852.8 


2 


5 


",375 




6 


loi, 190 


9 


h X47-7 


2 


6 


23,282 




9 


115,844 


10 


1,49*1 


2 


7 


»5,»63 







131,700 


II 


1,89a 


2 


8 


47.335 




6 


167, 134 


1 


a,J56 


2 


9 


19.545 







107.75* 


1 1 


»,87S 


2 


10 


31,826 




6 


153,764 


1 2 


3.459 


2 


1 1 


34,2<>8 







305,384 


t 3 


4.115 


3 





36,726 




6 


362,871 


t 4 


4.806 


3 


1 


39.319 







4*6,436 


i 5 


5,6zi 


3 


2 


42,018 




6 


496,110 


1 6 


6,49* 


3 


3 


44.861 * 







571,343 


1 7 


7.»59 


3 


4 


47.674 




6 


655,114 


1 8 


8,439 


3 


5 


50,811 


10 





745.014 



ExAMPLS.— Required the discharge of a pipe 6 inches diameter and 2,000 feet long, with 
20 feet fall:— 



?2529 r= fall 1 in 100, then -/lOO = 10 
20 



and Tabular Number 



416.5 
10 



= 41.66 cubic feet per minute. 



Note.— If half the tabular numbers be taken, the discharge will be nearly that for pipes 
half full, and the table is thus applicable to sewers, drains, &c. 
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PIPES UNDER PRESSURE.— Table 6a. 



TABLE OF DISCHABOE AHD VELOCITIES, 

IX CUBIC AND LUEAL FBBT PER MINUTB. 

FOB PIPES RUNNING FULL WITH A CONSTANT HEAD. 



DUa&etem from 8 to 60 laches. 

With Bates of FaU extending from 5 feet to 35 feet per ICUe. 



FALL. 
SATE. 



6 Feet 

f)'MUe. 

I in 1066. 



10 Feet 

y Mile. 
I in 628. 



15 Feet 
V^Mile. 

I in 352. 



20 Feet 

yMile. 

I in 264. 



25 Feet 

y MUe. 
I in2ll.2 



30 Feet 

^ Mile. 
I in 1 76.0 



85 Feel 

yMUe. 

tin 1 60.86 



Siua. 



DiMfa. Vel 



& 



3 

6 

9 

12 

16 

IS 
21 
24 
27 
30 

33 
36 
39 
42 
45 

48 
61 
64 
57 
60 



CFeet Feet. 
X.26 4S.J 

J1.8 65. 



»*3 



7X.J 9x.5ioa 



i»7 

100 
Z94 
410 

550 
716 

909 

I, IJO 

1,380 
1,661 

974 



»'699 
1,110 
hs64 



DiMk. 



79-9 



103.8 

n. 

IZ2., 
IJO.I 
I38.I 
X46.2 



CFeet 
3.* 

x8 
49.9 

5 
179 



x8x 
4>5 
580 
778 
1,013 



"53.3 
160. 1 
166. 
17X. 
178. 



,x86 

1,598 

95a 

350 

Six, 791 



7*. 



3,817 
403 
5,041 
4,osx:2o6.4S,73i 



184.7 
190.3 
>95 

XOI.I 



64.- 



Iba. Min. 



Diwh. 



Feet. 
64.< 

9X.4 

Il3.t 

i30.< 

i46.i 

160.3 
173.C 
184.7 
96.0 
X06.8 



;Feet Feet 
J. 9 78.i 

I 
XX.XXI3.3 

61. X 138.3 

XX6159. 

xx9'i79.i 

346x96.5 
509XTi.a 
710x26, 
953x40. 
1, 241x53. 1 



CFeet Feet. 
4.5 90, 

X5.6 

70.6 

453 



399**6.8 
587 



X16.8 1,575x65.51,817 

XX6.3 

*3J. 

X44. 

X5X.8l3,4i9'309.7j3,945 



«.957»77-3», 
391x88. 4 X, 759 
878 X99.x;3,3Xj 345.3 



I 



1: 



319.9^,637 
l^TtS' J94 



26i.2|4,oi8| 

269. 

»76.9|5,393|339.*|6»«3 

284. 

291 



.9 7. 



174 348.47, "4 

,0x0357.68,100 

I 



Dtoeh. VeL 
iSfau. Min. 



Dteek. Yd. 
Mia. IfS 



CFeet Feet. 
5.06 ICI. 2 



130. 
159. 
X96. 

X07. 



X44.I 



28.6 146. 1 

79.0 178.^ 

162205.9 

283231.9 

447;»53. 
657273. 



CFeet Feet. 
S.55"«-< 

31.4 i6o.( 
86.5X95.< 

1782x5.. 

3x0x54.4 



8x0x61 
1,100x77.1 



917 

i,X3o 

i,43xx9X.2li,6ox 



306.3 2, 



292. ( 
309.! 
326.1 



489x78. 

720299.3 

I ^ 
.005319.7 

I 
,348339 

,755358.1 



CFeet Feet. 
6.0 119. 8 

33.9172.9 

93.4 2IX.X 

192x43.6 

335x74.6 

I 
5x8300.4 

7773x3.x 

1,085345.5 

456366.5 

1,895386.6 



033 

X59 3i9.9|»,5»7 

33X.8|3,o86 

3,7»5 
34,413 



357. 



344.7 2,xx8 375.6|2, 
357.81, 7^39* 
37».3|3,383 4o8.7 3 
386. 

399 



,x87 
,035 



41X. 
4x5. 



369. 

380. 

39i.4|6,959437.7|7i 

401 

412 



.97. 



3 4,< 



I 



0714x3 
84,836437. 



405 405. 5 

989423.4 

i 
,65x440.4 
I 
395457.1 

,X2I 473.0 



449 
461. 



«5 

915,684452.55,137488.5 

55,614466.317,140503.4 

,237518.1 

430531.9 

20 546. 1 



I 



i 9> 



,630479- 

735 49»' 

I 
930505 

I 



9 8,i 

7 9H 



8 I072( 
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FRICTION OP BENDS.— Table 6 





THEORETIC HEAD IN INCHES 


Required to OTercome resistance of Bends ftrom 10« to 9 




FOB PIPES. CULVERTS, DRAINS, AND RIVERS, 


WUh Currents having the 

Note.— The nnmbers give the 
past the specified bends, va 


mean velociti 


€9 Stated in the first eolum$ 

or decimals required to drive water 
to the velocity of discharge. 


height in Inches 
rTing accordhig 


has 8 bends of 20 degrees each . 126 X 
and 7 bends of 50 degrees each .632 X 
and 20 bends of 40 degrees each .446 X 

Total head reqv 


f 300 feet per minute » 
3= .378 f 
7 = 4.424 
20 = 8.920 


lired 13.722 inches. 


A River having a mean velocity of 1 10 feet per minute 

has 6 bends of 46 degrees each = .072 X 5 - .360 
and 3 bends of 70 degrees each = . 128 X 3 = ..384 
and 2 bends of 90 degi>ees each - . 144 x 2 - .288 




Total additional fall required 1 .032 inch. 


Mean 
Velocity 

of 
Current. 


Angles of Bend with forward line of direction. 


10' 


20' 


SO'^ 


40* 


45« 


60« 


60- 


TO' 


SO' 


OO' 


Feet per 
Minate. 

a 

20 
80 

as 


Ins. of 

Head. 

.00008 

.00014 

.oooza 

.0003 

.C004 


Ins. of 
Head. 
.0003 
.0005 
.0009 
.0012 
.0017 


Ins. of 
Head. 
.0006 
.0012 
.0018 
.0027 
.0036 


Ins. of 
Head. 
.0011 
.0020 
.0031 

•^ 
.0000 


Ins. of 
Head. 
.0013 
.0024 
.0037 
.0054 
.0073 


Ins. of 
Head. 
.0016 
.0028 
.00^ 
.0063 
.0086 


Ins. of 
Head. 
.0020 
.0036 
.0056 
.0081 
.0110 


Ins. of 
Head. 
.0024 

•^ 
,0095 
.0129 


Ins. of 
Head. 
.0026 
.0046 
.0072 
.0104 
.0142 


Ins. of 
Head. 
.0027 
.0048 
.0075 
.0108 
.0147 


1 


.C006 
.0007 
.0009 
.0011 
.0013 


.0022 
.0028 
.0035 
.004 
.005 


.0000 
.0075 
.009 
.011 


.008 
.010 
.012 
.015 
.018 


.0096 

.OT2 
.OI| 
.018 
.021 


.OT2 
.014 
.017 
.021 
.025 


.014 
.018 
.022 
.027 
.032 


.016 
.021 
.026 
.032 
.038 


.018 
.023 
.029 
.035 
.042 


.019 
.024 
.030 
.036 
.043 


i 


.0015 
.0017 

.0000 

.oo»3 
.0016 


.006 

:S 

.009 

*OIO 


.012 
.015 

.017 
.019 
.022 


.021 
.024 
.028 

.036 


.025 
.029 
.033 
.038 
.043 


.029 
.034 
.039 
.042 
.051 


.037 
.044 
.050 


.045 

:^ 
.068 

.076 


.049 


.OJO 

:3? 


90 


.0019 
.0032 
.0036 
.0039 

.0043 


.011 

.OT2 
.014 
.015 

.017 


.024 
.027 
.030 
.033 
.036 


.040 
.045 
.049 


.048 

:^ 
.066 

.072 


.070 


•X 

.090 


.086 

.117 
.128 


.094 

.128 
.140 


.120 
•134 
.144 


176 


.005a 
.0061 

.0111 


.020 
.OZJ 

.027 
.031 
.043 


.043 
.050 

:^' 

.092 


.097 
.III 

.153 


.086 
.101 
.117 
.135 
.185 


.101 

.158 
.217 


.129 

.176 

.202 
.277 


.15a 

.179 

:^ 

• 3*7 


.228 
.261 
•357 


.173 
.202 
.235 
.270 
.370 


1 


.014 
.022 
.032 
.044 
.057 


.056 

.172 
.224 


.120 
.187 
.270 
.367 
.480 


.198 

'•793 


.240 
•375 
.540 

.960 


.281 
•439 

■X 

1.125 


.360 

.562 

.810 

1.102 

1.440 


:S1 

1.695 


1.860 


.480 

1.470 
1.920 
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tCTION OP BRIDGES AND PIPES.— Table Ba. 



TABLE OF APPBOXIMATE BISE OF WATEB, ; 

JCASIONED BY BRIDGES, WEIRS, &c., I 
From Oregorjfa " Mathematics for Ptaetieal Men,** 



^— This table is approximative only, because the Telocity most be an ever varying | 

Juantity, flactnating at all times with the amoant of river flood, and also greatly 
spending on the state of river section above and bfelow bridge. The table was \ 
taken by Dr. Olinthus Gregory, from Du Buat's theorems. i 



Yd. 
of 

Stream 


Probable Biie of Water, 

For Obstructions from one-tenth to six- 
tenths ; the whole section of the River 
being taken as unity. 


OBSTRUCTION. 


.10 


.20 


.30 1 .40 


.60 


.60 


Feet 

perMin. 

180 


Feet. 
.05 


Feet. 

.IZ 


Feet 
.21 


Feet. 
.36 


Feet. 
.61 


Feet. 

1.07 


240 


.08 


.18 


•14 


.58 


•97 


1.70 


800 


.12 


.i8 


• 5* 


.88 


'•49 


2.60 


860 


.16 


•37 


.69 


1. 18 


1.99 


^•49 


480 


.17 


.64 


1. 19 


X.OJ 


3.42 


5.99 


600 


.41 


.99 


1.8} 


3.11 


5.27 


9.22 



SMEATON'S TABLE OF THE HEAD 

FOR DRIVING WATER THROUGH 100 FEET LINEAL OF PIPES, 

From 1 to 12 inches diameter, at Velocities increasing from 90 to 270 feet per minute, 
with the relative discharge in cubic feet per minute, compiled from Smeaton's 
Papers. 



V^im 


Assnmed Velocities of Water through Pipes in Feet per Xinate. 


of 
Pipes 


90 


120 


UK) 


180 


210 


240 


270 




DIs 


Head 


Dii. 


Head. 


Dii. 


Head 


DiB. 


Head. 


DiB. 


Head 


Die. 


Head. 


Dis. 


Head. 


Inche*. 


C. Ft. 
perM. 


Feet. 


C. Ft. 
perM. 


Feet. 


C. Ft. 
perM 


Feet. 


C. Ft 
perM. 


Feet. 


C. Ft 
perM. 


Feet. 


C Ft. 
perM 


Feet 


C Ft. 
perM. 


Feet. 


1 


•45 


..46 


.60 


2.40 


.76 


3.58 


.92 


5.04 


1.08 


6.83 


1.23 


8.92 


1.39 


11.30 


tfi 


1. 01 


0.97 


1.36 


1.60 


1.69 


2.38 


2.03 


3.36 


2.36 


4.56 


2.92 


5-94 


3.05 


7-5* 


2 


I.8I 


0.74 


2.41 


1.20 


3.01 


1.80 


3.62 


2.52 


4.22 


3.44 


4.82 


4.46 


5.43 


5-63 


8 


4.41 


0.41 


5.88 


0.80 


7'iS 


1.20 


8.82 


1.68 


10.3 


2.28 


II. 7 


2.97 


13.2 


3.76 


4 


7.69 


0.37 


ia26 


0.60 


12. 8z 


0.90 


»5.39 


1.26 


17.9 


1.72 


20.5 


2.23 


23.1 


2.81 


6 


17-7 


0.24 


13^5 


0.40 


29.4 


0.60 


JS-a 


0.84 


41.2 


I. 14 


47.0 


1.48 


53.0 


1.87 


9 


39.8 


0.156 


53.04 


0.27 


66.3 


0.40 


79.6 


0.56 


92.8 


0.76 


106 


0.99 


119 


1.25 


12 


70.7 


0.12 


94.2 


0.20 


118 


0.31 


141 


0.42 


165 


0.57 


188 


0.74 


212 


0.94 



This Table will be found to be somewhat similar in its results to Table 6, but is not of 
so extensive an application, and gives too low a discharge on tlie larger class of pipes. 

EzAMPLB. — .42 feet ia the head per 100 feet to drive 141 cubic feet, at a velocity of 180 
feet per minute, through a 12-inch pipe. 
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MOTION AND RESISTANCE OF WATER.— Table 6b, 


TABLE OF THE EESISTAKGE TO OHE SQUAEE FOOT, 


Mooing through Water (or vice versa). 


At Velooittea from 60 to 900 Feet per MInvte, 


And at angles irifh the line of force from 6 to 90 Degrees. 


JA)(0.->Tlii8 Uble gives the theoretical resistance dne to the several yelocitiea. 


and is compated by the formnla .976 x s/ 


vel. in feet per second = resistance 11 




from the same formnla as Button's Experiments, as explained at the head 


of Table 60. fiesistanoe for variable figares appears to be almost beyond 






according to the known eflEBots of water-wheels, when the surface moves at ftom 


one-half to two-thirds of the velocity of the finid, when the best applications 


prodnoe 76 per cent, of the weight; although at high velocities only 30 per cent 


is produced. 


Angleof 
Surface, 

with 
Line of 
Besistr 

ance. 


Pretsure per Square Foot for tbe following Yelodties per Minnte. 


60 


120 


180 


240 


800 


480 


600 


900 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet 


Feet 


Feet 


Degrees 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


6 
7 
8 
9 
10 


.022 
.027 

.033 
.039 
•045 


.090 
.109 
.133 
.156 
.179 


.202 
.246 
.298 

.404 


.359 
.437 
«530 
.624 
.718 


.561 
.682 
.829 

.975 
1. 121 


i-435 
1-747 
2.122 
2.496 
2.870 


2.242 
2.730 
3-3»5 
3-900 
4.485 


5.046! 
6.142 1 
7-459 
8.775 
10.091 


16 
20 
26 
80 
85 


.089 

.15a 

•*?5 

.338 

•449 


■355 

.608 

.940 

1.353 

1.798 


.798 
1-369 
2.115 
3-045 
4-045 


1.420 

2.434 
3.760 

5-413 
7.192 


2.218 
3.802 
5-874 
8.458 
11-237 


5-678 

9-734 

15.038 

21-653 
28.766 


8.872 
15.210 
23.497 
33-832 
44-947 


19.963 

34-222 

52.869 

76.123 

101.132 


40 
46 
60 
66 
60 


.665 

.749 
.812 
.864 


2.258 
2.660 
2.995 

3-249 
3 455 


5-081 

5-985 
6.739 

7-3»o 
7.775 


9-032 
10.639 
II. 981 

"-995 
13.822 


14.113 
16.624 
18.720 
20.304 
21.596 


36.130 
42.557 
47.9*3 
51-979 
55-286 


56.45* 
66.495 
74.880 
81.217 
86.385 


127.018 
149.614 
168.480 

182.739 
194.366 


66 
70 
76 
80 
86 
90 


.902 
•932 


3 607 
3.728 
3.810 
3.857 
3.892 

3.900 


8.117 
8.389 
8.573 
8.678 

8.757 

8.775 


14-430 
14.914 

15-241 

15.428 


22.547 
23.302 
23.814 
24.107 
24.326 

24.375 


57.720 

59.654 
60.965 

61.714 

62.M0 


90.187 
93.210 
95-257 
96.427 

97.500 


202.922 
209.722 

214-329 
216, Q26 

218.936 

219.376 
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MOTION AND RESISTANCE OF AIR.— Table Be. 



TABLE OF THE BESISTAHCE TO OITE SaVASE POOT, 

Moving through Air ( or vice versa). 
At Velocities from TSO to 3,600 Feet per Minute, 

And at angles with the line of force fh>ni 6 Degrees to 90 Degrees, or Rtght Angles. 
From HuUoris RBptrmmta. 



Note. — Dr. Hatton fonnd that the resistance varied as the square of the Telocity nearly, 
and to an inclined sur&ce, as the 1.84 power of the sine x cosine. This tahle is 
constructed thus : — . 841 « 1. 84 c := resistance in ounces to a plate S2 square inches, 
moving at the rate of 12 feet per second. Mr. Button's experiments went to show 
that the figure of a plane makes no sensible difference in the resistance, hut that 
a convex surface of a hemisphere with a surface double the base, had only half 
the resistance, and a cone with 74 inches area, at an angle of 2S. 42, suffers far less 
resistance than a plane of equal angle, with 82 inches area ; the areas being as 
74 to 32, and the resistance as 37 to 26. It must be observed that at high 
velocities, railway and fast canal boat experiments shew that resistance becomes 
nearly a constant quantity. 



Angle of 
Surface, 


Pressure 


per Square Foot for the following Velocities per Hinute. 


with 
















Line of 


720 


1,080 


1,440 


1,800 


2,400 


8,000 


8,600 


anoe. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


Degrees 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs 


6 


.0054 


.oi2r 


.0216 


.0337 


.060 


.094 


^IS 


7 


.0066 


.0148 


.0264 


.0412 


.074 


.i»5 


.165 


8 


.0080 


.0180 


.0320 


.0500 


.089 


•139 


.200 


9 


.0094 


.0211 


.0376 


.0587 


.105 


.163 


.235 


10 


.0109 


.0245 


.0436 


.0680 


.121 


.189 


.272 


15 


.OZ15 


.0484 


.0860 


.1344 


.239 


.373 


.537 


20 


.0368 


.0828 


.1472 


.2300 


.409 


.639 


.920 


26 


.0569 


.1280 


.2276 


.3556 


.632 


.988 


1.422 


30 


.o8iO 


.1845 


.3280 


.5325 


.911 


1.423 


2.050 


35 


.1089 


.2450 


•435<> 


.6806 


1.210 


1.890 


2.722 


40 


.1368 


.3078 


•5472 


.8550 


1.520 


2.375 


3.420 


45 


.1611 


•3625 


.6444. 


1.0069 


1.790 


2.797 


4.027 


50 


.1814 


.4081 


.7256 


1. 1337 


2.015 


3.149 


4.535 


55 


.1968 


.4428 


.7872 


1.2300 


2.186 


3.416 


4.920 


60 


•2093 


.4709 


.8372 


1.3081 


2.325 


3.633 


5232 


65 


.2185 


.4916 


.8740 


1.3^56 


2.427 


3.793 


5.462 


70 


.2255 


.5080 


.9032 


1.4112 


2.509 


3.920 


5-645 


76 


.2308 


.5193 


.92^2 


11 .4415 


2.564 


4.007 


5-770 


80 


.2336 


■S^S^ 


.9344 


1.4600 


2.596 


4.055 


5.840 


85 


.2358 


Mil 


• 9432 


1.4737 


2.620 


^'^^i 


5^901 


90 


.2362 


.9448 


1,4762 


2.624 


4100 
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VALUE OF WATER POWER.— Table 7 


TABLE OF NOMINAL HOESE FOWEE, 


FOR ONE FOOT OF FALL, 


With the different Effective Values as applied to Undershot Breast and Chrershot 




Wheels and to the Turbine. 




Rule.— Add together the numbers, from the column applicable to the case, opposite 


the several amounts of cubic feet making up the estimated run of the streams, and 




A^ote.—An ordinary MUl will grind about 1 bushel per horse power per hour— a very 


good one 1.2 bushels— therefore multiply the tabular numbers by 1 or 1.2 (according 








Undershot 


Breast 


Overshot 


Turbine. 


Discharge 
of Stream 


Nominal 
Horse 
Power. 


Wheel. 


Wheel. 


Wheel. 


per 
Minute. 


Effective 


Effective 


EfliBctive 


Effective 




H. Power. 


H. Power. 


H. Power. 


H. Power. 


Cubic Feet. 












5 


.0095 


.0033 


.0052 


,00615 


.0071 


lO 


.019 


.0066 


.016 


.012 


.0142 


15 


.028 


.0099 


.015 


.018 


.021 


zo 


.038 


.013 


.020 


.OH 


.028 


^5 


.048 


.016 


.026 


.031 


•035 


30 


.057 


.020 


.031 


.037 


.042 


35 


.066 


.023 


.036 


.043 


.050 


40 


.076 


.026 


.041 


.049 


.057 


^ 


.095 


033 


.052 


:^i 


.otJ 


5S 


.104 


.036 


.057 


.068 


.078 


60 


.114 


.040 


.062 


.074 


.085 


65 


.124 


.043 


.067 


.080 


.092 


70 


• 133 


.046 


.07i 


.086 


.099 


75 


.142 


..050 


.078 


.092 


.106 


80 


.15* 


.053 


.083 


.098 


."3 


85 


.161 


.056 


.088 


.104 


.121 


90 


.171 


.059 


.093 


.III 


.128 


i<^ 


.180 
.190 


.066 


.098 
.104 


.117 
.123 


.1;^ 


zoo 


.380 


..130 


.208 


.246 


.284 


300 


.570 


.200 


.3" 


• 369 


.426 


400 


.760 


.260 


.416 


.492 


.568 


500 


.950 


.330 


.520 


.615 


.710 


600 


1. 140 


.400 


.624 


.738 


.852 


700 


1.330 


.460 


.728 


.861 


.994 


1 800 


1.5-0 


.530 


.832 


.984 


1. 136 


900 


I.7JO 


.590 


.936 


1. 107 


1,278 


1,000 


1.900 


.660 


1.040 


1.230 


1.^0 


ZjOOO 


3.800 


1.300 


2.080 


2.460 


2.846 


3,000 


5.700 


2.000 


3.120 


3.690 


4.260 


4,000 


7.600 


2.600 


4.160 


4.920 


5.680 


5,000 


9.50c 


3.300 


5.200 


6.150 


7.100 


6,000 


11.400 


4.000 


6.240 


7.380 


8.520 


7,000 


13.300 


4.600 


7.280 


8.610 


9.940 


8,000 


15.200 


5.300 


8.320 


9.840 


11.360 


y,000 


17.100 


5.950 


9.360 


11.070 


12.780 


10,000 


19.000 


6.600 


10.400 


12.300 


14.200 
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VALUE OF STEAM POWER.- 


Table 8 




FBOPOETIOUS OF DOTJBLE-ACTmO STEAM ENOIHES, | 




Expaasiwe and Non-expaaslwe, 


WITH TH« WATES BVAF 

Total Water required for Supp 


OEATZD A> 


(D COAU 

terfifrevar- 
Sngme = 


COMtUMXD. 

.41 CaUo Feet per 


Feet of Wa 


ly of an ] 




Hinnte per Horse-Pow«r. 










Steam acting 




Steam Acting Expansivelt. 




at full pressure 
throughout the 
stroke, or Sib. 


Meax 


I pressure being 6. i lbs. per square inch through the Stroke. 








per square inch. 




Diameter 


Velocity 




strokes 


Water 


Coals 




Coals 


Horse 


of 


of Piston 


Length 


per 


evaporated 


con- 


Horse 


con- 


Power. 


Piston. 


minute. 


of Stnike. 


minute. 


per hour. 


sumed 
per hour 


Power. 


sumed 
per hour. 




inches. 


feet. 


feet. 


number. 


eubic feet. 


lbs. 




lbs. 


I 


7.8 


114 


1.3 


44 


0.8 


X5 


X.46 


31.5 


% 


10.15 


131 


1.75 


37* 


1.57 


13 


X.95 


i 


J 


12.0$ 


141 


2. 


35 


X.36 


JO 


4.4 


4 


13.52 


149 


X.25 


33 


3.13 


38 


5-9 


80 


1 

7 


14.9 
17.85 


167 


••!■ 


31* 
3oi 
«9i 


3.9* 
4.7 


45 


Us 
10.3 


94 
III 
126 


8 


171 


X.97 


2* 


67 


II. 8 


140 


9 


18.7 


175 


3.1 


7.05 


73 


>3.3 


153 


lO 


19.5 


180 


3.25 


a6| 


7.8X 


80 


14.6 


168 


IZ 


20.9 


186 


3.5 


a6i 


9-4 


95 


17.7 


>99 


\% 


ax.t 
X3.6 


>95 


3.7 


a5l 


XI.O 


109 


20.7 


X30 


196 


3.9 


»5 


XX.6 


XXX 


r. 


X56 


18 


X4.7 


201 


4.1 


M* 


14. 1 


135 


X83 


xo 


15.75 


A06 


4-i 


M 


18.8 


^ 


29.5 


312 


M 


X7.7 


XI3 


4.6 


»3i 


35.5 


370 


x8 


29.45 


X20 


4.9 


xx| 


xx.o 


^l 


41.3 


425 


JO 


30.27 


222 


5.04 


X2i 


a3.5 


44.a 


451 


34 


31.8X 


xa9 


5.3 


xii 


X6.7 


3 


50. 


?]^ 


38 


31-3 


»34 


-? 


XI 


29.7 


56. 


^ 


40 


34.0 


237 


11 


31.4 


X83 


it 


it 


44 


M:7 


241 


1:?' 


^ 


34-5 


3" 


48 


Z46 


37.7 


338 


70.5 


709 


50 


37.13 


X48 


6.2 


to 


39-3 


353 


73.5 


P 


54 


38.3 


X5a 


6.4 


i9f 


42.4 


381 


79-3 


g 


39.4 


155 


6.57 


i9t 


45.4 


409 


85.1 


39-9 


*57 


6.65 


I9« 


47.0 


423 


88.1 


887 


64 


41.0 


x6o 


6.83 


% 


50.x 


45a 


93.9 


946 


68 


42-0 


263 


7.0 


53-4 


481 


99.7 


1005 


70 


42.5 


X65 


7-« 


x8| 


55.0 


495 


102.7 


1035 


74 


43.4 


x68 


7.23 


l8i 


|8.i 
61.5 


514 


108.5 


1094 


78 


44.4 


270 


7.4 


iSk 


554 


114.3 


"53 


80 


44.8 


172 


It 


i8i 


6X.5 


563 


117.3 
124.6 


1182 


«5 


45.9 
46.97 


275 


x8 


66.5 


i» 


1256 


^ 


279 


i:?' 


;?i 


70.5 


131.9 


1330 


95 


48.0 


x8x 


74.4 


670 


139.4 


1404 


100 


49.0 


x84 


8.16 


I7i 


S:^ 


704 


'i^*2 


r 


1 10 


50.9 


290 


8.5 


'7 


774 


161.6 


120 


52.7 


094 


8.8 


i6i 


93.8 


844 


175.* 


1774 


130 


\i:\ 


299 


9.0 


16 


101.7 


?JI 


189.8 


1921 


140 


302 


9.35 
9.6 


16 


109.5 


204.4 


2069 


150 


57.6 


308 


16 


117. 3 


1055 


219.0 


2217 


i6o 


59.1 


312 


9.83 


I5f 


115.2 


1117 


233.6 


2364 


180 


62.0 


320 


10.3 


i5i 


133.0 


1197 


248.4 


2512 


200 


67.7 


334 


11.3 


14I 


156.4 


1408 


292.0 


2956 
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PRESSURE OF MERCURY AND WATER.— Table 9 



EdUIVALEVT COLUMNS OF MEECUBT & WATER ; 

With their Pressure per aqiMure Inch and per square foot. 

Applicable to Steam Gauges and Pressure Gauges, for Pumping Engines, and 
for calculating the strength of Pipes, Tanks, Xe., fte. 



Column of 
Mercury. 



Equivalent 
or Water. 



persq.inch. 



Pressure 
persq.foot. 



Column of 
Mercurja 



Pressure 
persq.inch 



persq.foot, 



IZ 



l6 



Inches. 
.1 
.z 
•3 
•4 
•5 
.6 

.7 
.8 
•9 

LO 

2.0 
2.04 

3-0 

4.08 

5- 
6. 
6. 
7. 

8. 

8. 

9- 
10. 
10.20 
II. 

IZ. 

12.24 

13- 
14. 

14.28 

15- 

16. 

16.32 

17. 

18. 

18.36 

19. 

20. 

20.40 

2L 

22. 

22.44 

23.0 

24. 

24.48 

25.00 

26. 

26.^2. 

Z7.*' 



Feet. 

•113 
.zz6 

.339 
.452 
.565 
.678 

.791 

.904 

1.017 

1.1306 

Z.Z60 

Z.3H 

3 39 

4-51 

4.63 

S'^S 

6.78 

6.94 
7.91 

9.04 

9.^5 
10.17 
11.306 

11.57 
12.43 

13.5^ 
13.88 
14.69 
»5.83 

16.20 

16.96 
18.09 
18.51 
19.22 

20-35 
20.82 
21.48 
22.61 
23.14 
23.74 
24.87 
25-45 
26.00 

27.13 
27.76 
28.26 

29-39 
30.08 
30-52 

3L65 



lbs. 
.049 
.098 
.147 
.196 



lbs. 

7.07 
14.14 
21. zi 
28.28 



.245 


35.35 


.294 


42.42 


.343 


49.49 


.392 


56.56 


.441 


70.70 


.490 


.980 


141. 


1.00 


144 


1.47 


ZIZ 


1.96 


z8z 


2.00 


z88 


2.45 


353 


2.94 


424 


3.00 


432 


m 


sU 


4.00 


576 


4.41 


636 


4.90 


707 


6.00 


7ZO 


5.39 


790 


5.88 
6.00 


848 
864 


6.37 


919 


6.87 


990 


7.00 


L008 


7.36 


11060 


7.8< 

8.00 


i>i30 


i>i5z 


8.34 


I>202 


8.83 


I»27Z 


9.00 


i,z96 


9.32 


i>343 


9.81 


1,414 


10.00 


1,440 


10.29 


1.484 


10.78 


i>555 


11.00 


1.584 


11.27 


i,6z6 


11.76 


1,696 


12.06 


i,7z8 


12.25 


1,767 


12.74 


1,838 


13.00 


i,87z 


13.23 


1,909 


13.72 


1979 



Inches. 

Z8.56 
29.00 
30.00 
30.60 
31.00 
32.00 
3.2.64 
33-00 
34-00 

34.68 

35.00 
36.00 
36.72 
37.00 
38.00 
38.76 
39.00 
40.00 
40.80 

42.84 

44.88 
45.00 
46.92 
48.96 
50.00 
51.00 
60.00 
70.00 
80.00 

90.00 

100.00 

no. 

IZO. 

130. 

140.00 

150.5 
159-3 

168. z 

177. 
194.7 

Z12.3 
221.3 
Z30.1 
Z47.8 

265.3 
283.06 



Feet. 

32.39 
32.88 
33-92 
34.71 
35.05 
36.18 
37. oz 
37.31 
38-44 

39.33 

39.57 
40-70 

41. 6z 
41.83 
42.96 
43.96 
44.09 

45. 2Z 

46.28 
48.59 

50.90 
50.87 
53.21 
55-52 
56.53 
57.83 
67.83 
79.14 
90-44 
101.75 
113.06 

124.34 

135.67 

146.70 

158. 

170. 

180. 

190. 

zoo. 



Z40. 

250. 

z6o. 
z8o. 
300. 
3Z0. 
350. 
400. 
450. 

500. 



lbs. 

14.00 

14. ZI 

14.70 

15.00 

15.19 
15.68 

16.00 

16.17 
16.68 
17.00 

17.15 
17.64 

18.00 

18.13 

18. 6z 

19.00 

19.11 
19.60 
20.00 
2L00 
22.00 
ZZ.05 

23.00 
24.00 

24.50 

25.00 

29.40 
34.30 
39.20 

44.10 

49.00 

53.90 
58.80 
63.70 
68.70 
73.78 

78. IZ 

8Z.46 
86,80 

95.48 

104.16 
108.50 
112.80 
1Z1.50 

130. zo 
138.80 
151.90 
173.60 
195.30 
217.00 



lbs. 
ZO16 
Z050 
ZlZl 

Z160 
Z19I 
zz6z 
2304 
2333 
2404 

2448 

2474 

2545 
2592 

z6i6 
z686 
Z736 
2757 
z8z8 
z88o 

3024 

3168 
3181 
3312 
3456 

3535 
3600 
4Z4Z 
4949 
5656 

6363 

7070 
7777 
8484 
9194 
9898 

io6z5 
11249 
11874 
12499 

13749 

14999 
156Z4 

i6z43 
17496 
18748 
19987 
21873 
24998 
z8iz3 

31248 



Digitized by VjOOQIC 



25 
WEIGHT AND STRENGTH OP PIPES— Table 10 



WEIGHT FEB 7ABD AND SAFE HEAD OF WATER FOB GAST-IBON 

PIPES. 
Diameters 8 to 48 inchee. 
KoTB.— The weight inclades a proportion for socket at every 9 feet, allowing the clear 
length of eacb pipe when laid to make 3 jards, thus each pipe would he aboat 9 f^t 6 
inches from out to out The «a/a head is that to which the pipes may be constantly ex- 
posed. The proof head may be double the tabular unonnt if the circunutan<»8 require. 



Bore. 



Thick- 



Weight. 



Safo 
Head of 
Wat«r. 



Bore. 



Thick- 



Weight 



Head of 
Water. 



inches. 

3 



10 



U 



12 



cwts. qrs. lbs. 
O I O 
O I 14 
020 
o 2 14 

019 
O 1 25 
o » 15 
o 3 5 



o 1 

O 2 

3 

1 o 



2 22 

3 2 

18 

1 18 



3 8 

o 9 

J 10 

2 14 



3 20 

O 2$ 

2 3 

3 9 



4 
12 
20 

4 



16 

2 o 

3 12 

1 8 



« » 15 

204 

2 I 21 

2 3 12 

» 3 3 

2 o 23 

2 2 17 

3 o »» 



feet. 
1000 
1500 
2000 
2500 

744 

112? 

1500 
1872 

600 

900 

1 200 

1500 

I0CX3 
1250 
1500 

857 

1068 
1284 

564 

750 

936 

1 1 28 

500 

666 

83a 

1000 

450 
600 

750 
900 

5^5 
684 
816 
960 

500 

750 
875 



inches. 

14 



15 



16 



18 



21 



24 



30 



36 



42 



48 



inches. 



•i 



cwts. qrs. lbs. 

2 2 17 

3 O >8 
3 2 19 
4021 

2 ? 8 

3 I la 

3 3 19 

4 » 23 

300 

329 
4 o 18 
430 

3 » 12 
400 

4 2 16 

5 o 23 

3 3 18 

4 2 15 

5 I 15 

6 I 14 

4 I »9 

5 I o 

6 I o 

7 o 13 

<5 3 H 

8 3 24 

9 I 16 
II o 7 



8 
10 
II 
>3 

9 

12 

H 
'5 



o 23 

2 2! 

2 II 

o 20 

3 o 
2 12 

o 7 

2 o 



1 o 14 

4 » 17 
603 
700 



liset. 

535 
642 

750 

857 

500 
600 
700 
800 

468 
565 
652 

750 

412 

500 

583 
666 

360 
428 
500 

572 

312 

374 
400 
500 

300 

400 
450 
500 

249 
333 
375 
412 

216 
288 
312 
360 

187 
250 
280 
312 
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FLOOD DISCHARGES.— Tabus U 



DISCHABGE, 


IN CUBIC FBBT PBB MINVTB, 


For 1 to 100 Acres, with the following amonnts of Baan-fiill 


in 24 hours. 


Bain 
in 34 
Hdan. 


x5fe, 


x^'ie 


1^ 


ti 


i^» 


& 


f 


^ 


r 


^ 




Cnb. ft. 


Cub. ft. 


Cnb. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Acres. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


permin. 


, ; 


,078771 


.J5754 


.J1508 
.6301 


.63016 


1.26 


1.8903 


*.5i 


5.0413 


7.5620 


lo.oSx 


:l% 


.3> 


1.26 


Z.52 


3.781 


q 


10.08 


15.11 


20.1 


' : 


■^l 


.:1^* 


1.89 


3.78 


5.671 


15.11 


11.68 


JO.Z 


.315 


1.51 


S.04 
6.30 


7.561 


10.08 


2o.x6 


30.15 


40.3 




.J94 


.78 


1-575 


3.15 


9.451 


11.60 


15.20 


37.81 


50.4 


6 


.471 


•94 


1.890 


3.78 


It 

10.08 


11.34 


j5.11 


30.25 


45.37 


s 


I 


.630 


1. 10 
1.26 


1.205 
1.520 


4.41 
5.04 


13.13 
15.11 


20.16 


35.19 
40.33 


51-93 


9 


:?S 


1.4a 


2.835 


6.30 


11.34 


17.01 


21.68 


45.37 


90.7 

100.8 


10 


>.57 


3. 151 


12.60 


18.90 


25.10 


50.41 


75.61 


§0 


1.575 


3.>$ 


6.301 


11.60 


25.20 


37.81 


50.41 
75.61 


100.8 


151.Z 


201.6 


1.363 


4-7* 
6.30 


9.45a 
11.60 


18.90 


37-81 


56.71 


151. 1 


126.8 


J02.5 


to 


3.150 


15.20 


50.41 
6j.oi 


75.62 


100.8 


201.6 


301.5 


403.3 


3.938 


7.87 


15.75 


31.51 


94.51 


126.0 


151.0 


378.1 


504.1 


60 


4.7*6 


9.45 


18.90 


37.81 


100.8 


113.4 


151.Z 


301.5 


453.7 


7^:1 

8og.6 


sS 


5.514 

6.301 


11.03 
11.60 


12.05 
25.20 


44.10 
50.41 


131.3 
151.1 


'76.4 

201.6 


351.9 
403-3 


i:l 


90 


7.090 


14.18 


28.35 


56.71 


113.4 


170. 1 
189.0 


226.8 


453.7 


907.4 


100 


7.877 


15.75 


31.51 


63.01 


126.0 


151.0 


504.1 


756.1 


1008.1 


For 1 to 10 Sqnare Miles, with the following amounts of 


Eain-foU in 24 hours. 


Bain 
in 24 


1^8» 


In. 
1HL6 


l^S 


& 


^ 


i^» 


^ 


^ 


fe 


^. 


Hours. 


1 


















Square 


Cub. ft. Cub. ft. 


Cub. ft 


Cub. ft. 


Cub. ft. 


Cub. ft. Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Miles. 


perm. perm. 


perm. 


perm. 


perm. 


perm. .perm. 


perm. 


perm. 


permin. 


1 


50.413 100.82 


201.64 


^:l 


604.96 


806.651008.26 


1109.91 


1411.57 


i6i|.i3 


2 


100.8 ZOI.6 


604.9 


1209.9 


1613.1 2016.5 


1^19.8 
3629.7 


28^.1 


3 


151.* j 301.5 


1209.9 


1814.9 


2419.8 3014.8 


4134.7 


1 


aoi.6 
X52.0 
30X.5 


403.3 
504.1 
604.9 


806.6 
1008.2 
1209.9 


1613.2 
2016.5 
14«9.8 


2419.8 

3024.7 
3629.7 


3126.4 '4033.1 

4839.6 6049.6 

1 


7159.4 


5646.3 


9679.3 


7 

s 


351.9 
403.3 


Ui 


14". 5 
1613.2 


J226.4 


4134.7 
4839.7 


6451.9 8066.1 


J^1 


9881.0 
II191.6 


11291.6 
12905.8 


9 
10 


453.7 
504.1 


.S:i 


'814.9 
2016.4 


3629.7 
4033.0 


1^:1 


. 1 


11099.1 


11704. I 
14II5.7 


1^519.0 
16131.3 
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MEAN DISCHARGE OF ANNUAL RAIN.— Table 12 



DISCHARGES DUB TO EAIHTALL 

IN DBPTH VBOM TWO TO 8IZTT INCHS8 PSB ANHUII. 



Bain per 



CaMe feet per minute. 



Cmtaie feet per Diem. 



Gellont per Diem. 



IneheB. 



w«» 1 ..M For 1 aqnan 
For 1 acre. T mUe. 



Fori acre. 



For 1 aqnaic 
^ mile. ^ 



Fori acre. 



For 1 aqnan 



.oi)8qx 



.055208 
.069011 

.08x81} 
.09661^ 
.110416 

.i*4"9 
.1180U 



.179417 
.1932x8 
.207033 

!2484}8 
.289842 
.331252 



8.83 

.7.66 

20. 50 

J5« 
44.16 

53.00 
61.83 
70.66 

97.16 

106.00 
ii4.8| 
123.66 
132.50 

145.73 

159.00 
185.50 
212.00 
238.50 
265.00 



19.87 

19.75 
59.62 
79.50 
99-37 

119.25 
139.1* 
159.00 
«78-87 
198.74 

218.62 
238.50 
258.37 
278.24 
198.12 

317.90 
357-75 
4>7-J7 

^:S 

596.25 



1,600 



267,140 
305,280 
343 > 440 
381,600 



123.8 
257.6 
37" -4 
495.4 
619.0 

l&i 

990-5 
1114.2 
1238.0 

1362.0 
1^5.8 
1609.5 
1733.* 
1857.0 

2042.8 
2228.7 
2599.8 
2971.6 
334».6 
3714.0 



72**45 
i5«,493 
437.736 
316,98* 
396, m8 

475.473 

633.964 
7>3,"o 
T9»»456 

»7»,7oi 
950,947 
1030, 193 

ii%S4 

1307.37* 
1426,420 
"09,437 

1901,894 
*i39.630 
2377,368 



SUBSOIL DRAnrS.— Table C. 

LEHOTH OF DR^IK FIFES BBQT7IBBD DT ONB AGBB. 



No. of feet 


Length in 


Length in 
Rods 


apart. 


feet. 


of 161 feet. 


1 


8,70* 
7,262 


5*7.3 
440.1 


S 


5.445 


220.0 


12 


4.350 
3.631 


Ifi* 


2,900 

2,640 


160.0 


18 


a, 4*1 


146.7 
125.6 




*.073 


1 ' 


1,815 


110. 


27 
80 


1,614 
1,450 


|i 


Ui 


i,3»4 


80.0 


86 


1,210 


73.3 



B 3 
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EXPENDITURE OP WATER.— Table 13 



DISCEAEGE FOI 




, BAYS AHB YEAHS, 1 


i MTNTJTES 


IN 


CUBIC FEET A17D IMPERIAL GALLONS. 1 


Pbk Minute. 1 


FsaDuK. 


PSK AHNVX. 


Caliic 


Gallons. 


CaMc Feet. 


OalloDs^ 


Cubic Feet. 


Vet. 








MUlions. 




6.Z3 


1,440 


»,97i 


.5^6 




12.46 


2,880 


»7,948 


1.052 




18.69 


4,320 


26,922 


1.578 




24.92 


5,760 


35,896 


2.104 




JI.16 


7,200 


44,870 


2.630 


6 


37.39 


8,640 


53,844 


3.156 


1 


43 -6* 


10,080 


62,818 


3.682 


8 


49.85 


11,520 


7»,792 


4.208 


1^ 


56.08 


12,960 


80,766 


4.734 


62.32 


14,400 


89,740 


&260 


20 


124.64 


28,800 


179,480 


10.520 


^5 


155.80 


36,000 


224,350 


13.150 


30 


186.96 


43,200 


269,220 


15.780 


35 


2I8.I2 


50,400 


314,090 


18.410 


40 


249.28 


57,600 


558,960 


21.04c 


45 


280.44 


64,800 


403,830 


23.670 


50 


311.60 


72,000 


448,700 


26.300 


SS 


342.76 


79,200 


493,570 


28.930 


60 


373-92 


86,400 


538^HO 


31.560 


65 


405.08 


93,600 


583,310 


34.190 


70 


43<5.24 


100,800 


628,180 


36.820 


75 


4<57.40 


108,000 


673,050 


39.450 


80 


498.56 


115,200 


717,920 


42.080 


85 


529.72 


122,400 


762,790 


44.710 


90 


560.89 


129,600 


807,660 


47.340 


95 


592.05 


136,800 


852,530 


49.970 


100 


623.21 


144,000 


897,408 


52.600 


200 


1,246.4 


288,000 


1,794,816 


105.200 


300 


1,869.6 


432,000 


2,692,224 


157.800 


400 


2,492.8 


576,000 


3,589,632 


210,400 


500 


3,116.1 


720,000 


4,487,040 


263.000 • 


600 


3,739.2 


864,000 


5,384,448 


315.600 


700 


4,362.4 


1,088,000 


6,281,856 


368.200 


800 


4,985.6 


1,152,000 


7,179,264 


420.800 


900 


5,608.9 


1,296,000 


8,076,672 


473.400 


1,000 


6,232.1 


1,440,000 


8,974,080 


526.000 


z,ooo 


12,464.0 


2,880,000 


17,948,160 


1,052.000 


3,000 


18,696.0 


4,320,000 


26,922,240 


1,578.000 


4,000 


24,928.0 


5,760,000 


35,896,320 


2,104.000 


5,000 


31,160,0 


7,2004)00 


44,870,400 


2,630.000 


6,000 


37,392.0 


8,640,000 


53,844,480 


3,156.000 


7,000 


43,625. 


10,080,000 


62,818,560 


3,682.000 


8,000 


49,857. 


1 1,520,000 


71,792,640 


.4,208.000 


9,000 


56,089. 


12,960,000 


80,766,720 


4,734.000 


10,000 


62,322. 


14,400,000 


89,740,800 


5,260.000 


11,000 


68,554. 


15,840,000 


98,714,880 


5,786.000 


li,000 


74,786. 


17,280,000 


107,688,960 


6,312.000 
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WATER SUPPLY and POPULATION.— Tabie 14 



WATER SXJPPIY AHD DEAIlf A6E 


ABEAS 




Baanind te yazunii tamonmiM of P»pnlatioii, at diflbrent latM of 
with a Onide to th» Cnldo Content! of SoMrvoin, whm that 
«f Supply ii adopted. 


^^ 


IHSCHABAB 1 

BsaniKm*. | 


NoHBBm OF torviMnoM. 1 


Qnummnm U«ov«» 1 

AB«OtBBD. 1 


SKntBrotB 

BSQUimSB. 


Cdbk 
Feci 

Mimrte. 


DiOL 


▲t 

ao g«Umm 

per Head, 
per Diem. 


▲t 

40OalUm« 
per Head. 
perD.e.1. 


MCtalJoM 
per Hmi, 
per Diem. 


WttliStfcani 
delivering 
B cid»iefeet 
per e«. mile. 


With IS is. 

ofBidiiper 
•nii.or«3 
c. feet per 


BoldinK 
Water for 
4 moDtlu, 
at Uc feet 

permin. 


CvbieFbet. 


IffilKn— 


NoBber. 


Knnber. 


Vunber. 
5.000 


1.4« 


.5* 


Cobie Feet. 

Miiliona. 

4.88 


$5-7 


.*» 


«6^ 


lX,fOO 


10,000 


6.96 


1.05 


9.76 


«S.5 


•71 


*5,ooo 


18,710 


15,000 


10.44 


«.I7 


14-65 


ni.4 


i.ao 


}i>n3 


25,000 


10,000 


1193 


l.IO 


19.53 


119.* 


i.aS 


4i,<566 


11,250 


15,000 


17.41 


1.61 


14.4A 


167.1 


I.fO 


fO,000 


17,50» 


10,000 


10.89 


3. IS 


29.10 


196.0 


L76 


58,833 


43,750 


35,000 


84.37 


3.88 


3418 


AJUuS 


A. 00 


66.666 


50,0B0 


40,000 


17.85 


4.11 


19.07 


afo.7 


a.*5 


75,000 


56,150 


45,000 


3».33 


4.73 


43.95 


178.5 


a.50 


*i,m 


61,500 


50,000 


34.8* 


5.26 


48.84 


JJ4.I 


J.OO 


100,000 


75.000 


60,000 


41.78 


6.31 


58.60 


199.0 


J.50 


116,666 


«7.5oo 


70,000 


48.75 


7.36 


68.17 


445.7 


4.00 


X3MI3 




8GW000 


J5.71 


8.4« 


78.14 


5ff7J 


6.00 


108,886 


135,000 


100.000 


69.64 


10.52 


97.68 


«8.6 


6.00 


200,000 


150,000 


120,000 


83. J7 


11.61 


117.11 


780.0 


7.00 


233.33I 


175,000 


140,000 


97.50 


«4.74 


116.75 


• 891.4 


8.00 


206,666 


100,000 


160^000 


111.41 


16.81 


156.18 


l,OQ1.8 


9.00 


100,000 


115.000 


iSc^ooo 


111.11 


18.91 


175.81 


i,ii4«I 


10.00 


3n*3n 


150,000 




119.29 


11 .ot 


195.36 


^xi8.6 


20.00 


66c^666 


500,000 


jgonQOff 


178.58 


41.05 


190.71 


8,84S.O 


S0.00 


1,000,000 


750,000 


800,000 


417.87 


63.07 


586.08 


4»457.| 


40.00 


hllLiii 


1,000,000 


800,000 


557.1^ 


84.10 


781.44 


$.57«-6 


|O.0O 


U666^66 


1,150,000 


f,OOC^OOO 


696.45 


105.13 


976.80 


6^686.0 


60.00 


£,OOC^OOO 


1,500,000 


I,2OCVO00 


835.74 


116.15 


1,171.16 


7.800.1 


70.00 


M».n3 


1,750,000 


1,400,000 


975-04 


147.18 


1.167.5a 


8.9*4.^ 


80.00 


z.666,666 


1,000,000 


1,600,000 


1,114.33 


168.11 


1,561.88 


10,029*0 


90.00 


3,000,000 


2,150,000 


1.800,000 


1,153.61 


1S9.1J 


1,758.14 


U,149.3 


100.00 


3,883,338 


3,500,000 


2,000,000 


1,392.91 


210.25 


1,958.60 
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SYNOPSIS OP RAINPAL 



Height 



Tean 
of 



▼ataon. 



Wmsa Srsiva. Bohhbs 



Pensanoe Cknnwall 

St. Breock „ 

PsncuTow ...•• t» 

Plymouth Deron 

Goodamoor ,» 



Honiton . 
Exeter . 
Bath ... 
Hone 



. Somerset 
. .. Berka 



Gkwport Hampahire 

Hastlnga Siusex 

Chiswick 

CobhamLodice Surrey 

Greenwich Observatory 



London (Howard's averaf^e) 

Tottenham Middlesex 

Epptn;^ Essex 

Aylesbury Buckingham 

Wellingborough.. Northampton 

Swaffham Balbeck . . Cambridge . . 

DIckleborongh Norfolk. . 

Felthorp „ 

Boston Lincoln.. 

Nottingham (Highileld House) . 

Ghapel-en-le-Frlth Derby . 

Hyde Lancashire. 

Liyerpool „ 

Manchester ,, 

Fairfield 

Bolton M 

Bury 

Sowerby Bridge York. 

StnbUns „ . 

Moss Lock, near Rochdale 



Rochdale 

White Holme, Blackstone Edge 

Summit n *f 

Whitehaven Cumberland . . 

Cockermouth 



Keswick .... 
Grasmere. . . . 
Seathwaite .. 
GateR^arth .. 
Styehead .... 



.Westmoreland . 



Sparkling Tarn „ 

Great Gable „ 

Newca8tle-npon>Tyne . . , 
West Denton, near ditto . 
AIlenheadA „ 



Applegarth Dumfiiea.. 

Gilmourton Lanark 

Glasgow , 

Edinburgh , 

Glencorse (Pcntland Hills) . 



Feet. 
40 



30 
800 



141 
320 

lo 

15 
80 
Ml 

50 

160 

lao 

iiti 
320 



310 
300 

300 

500 
500 

IZOO 

laoo 
90 



?2 

326 

1x90 

1900 
1945 
III 
276 
1300 



600 

8 

300 

J2i. 



837 
1841 

iSt6 
834 

[841 
8x5 
841 
1838 
[831 

815 
838 

5*5 
8X5 
838 

[800 
81X 
8*5 
847 
830 

841 
1840 
1843 
18x5 
844 

[840 
1831 
8x6 
813 
1840 

831 
[83X 
830 
[830 
[830 

:83X 
830 
[830 
845 
845 

845 
:845 
845 
845 



[846 

1845 
843 

838 
845 
848 
18x5 
831 



Number 
9 
I? 

} 
10 



5 
*J 

3 
iz 

>7 
7 

IX 

«5 
as 

IX 

ao 

7 
10 

i 

to 



5 

n 

8 
10 
*3 
ax 

8 



'7-4 



14.x 

X3.0 



11.3 

II.O 



10.6 



7-4 
7-7 



!-9 

7-7 
6.4 



6.5 

7-» 

11.8 
IX. a 

17.7 
9.9 
10.9 

\Vr 



55.8 
44.8 
zo.o 

ax.o 

lO.O 

5.1 

15.6 

10.4 
18.8 
"5.5 

11.6 



9.8 
14.0 

2:? 



8.5 

6.6 
6.7 



6.7 
7.9 

7.J 



7.8 

5:7 

9.8 
lo.a 

IX.6 

7-3 
7.5 



9'S 
11.4 
II. a 

16.0 
»S.3 
3x*5 
x8.o 
X7.5 

48.7 

IS 

13.0 

9.1 
11.6 

8.3 



The above Tables give the average maximum and minimum, for periods of four 1 
with the total for each year of the three periods. 

The Winter period ia for November^ D«eember, Jamiarp and Febmarf, 

The Spring „ Jtforeft, A^prO, Map and June. 

The Summer „ /u^, Attguslt September and October. 
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IN GEEAT BEITAIN.— Table 15 












IGnimiiHL 1 




w^ 


temniA. 


SOMMU. 


Totai. 


TMTOf 

Maxim. 


Wiwna. 


8rBn«. 


SoMMaa. 


Tmja 

13 mM. 


.^S."- 








Jam. 


lu. 


Ins. 


Id*. 


A.V. 


Ins. 


Ids. 


Ids. 


Ids. 


A.». 




tx.% 


16.7 


15.0 


51-9 
51.9 

57-S 


I8z8 


«9-5 


4.7 


10. 5 


34.7 
3X.O 

37-9 


I8a6 

l84» 
1844 




II.5 


14.I 


19.4 


45.4 


I8Z9 


6.3 


10.0 


11.6 


X7.9 
41.6 


1830 




17.0 


15.6 


«7.5 


70.1 


1839 


19.8 


9-3 


IZ.5 


1844 




"•1 


iai.4 


18.0 


41.7 


184I 


10.3 


6.3 


8.9 


xs-S 


1844 




M-a 


K.4 


W.7 


39.1 
37.8 
34.07 


18x8 
1841 
1848 


6.9 


8.4 


8,7 


X4.0 
19. x8 


1830 
1847 




9.0 


11.4 


IZ.4 


3».8 


1848 


8.1 


3.3 


9.8 


XI. X 


1844 




15-7 


8.7 


9.9 


34.3 
43.53 


I8z8 
18^ 


6.9 


8.4 


8.7 


XX. 36 


1830 
1847 




1.6 


7-5 


13.5 


Z9.7 


1846 


4.8 


4.7 


1:1 


I5.X 


1847 




10.6 


W.5 


31.7 


1848 


5.3 


5.0 


16.8 


1847 






• 




33.» 


1841 








16.4 


1840 




8.5 


u 


I}. 4 


29-1 


1816 


6.1 


7-7 


S'S 


19.3 


1814 




S-S 


18. 1 


3X.1 
34.7 


n 


5.6 


7.4 


9-5 


ZX.J 

ZZ.5 


183X 

1847 




8.1 


10,4 


14.8 


33.3 


1848 


5.8 


3.3 


8.7 


17.8 


1844 




7.0 


10. 1 


ix,6 


*9.7 


1843 


3.6 


8.1 


7.9 


10.6 
18.4 


184X 










3Z.4 
Z5.8 


1848 








1847 










1841 








zo.o 


1845 




7.1 
9.9 


6.7 


r. 


Z8.8 
38.5 

SZ.3 


1841 


5-7 
7.Z 


J.Z 

4.9 


Vo 


16. 1 

ZO.l 

jy.o 


.8,4 
,844 

184* 




IJ.O 


U.8 


1J.8 


39.6 
49 S 


i84» 


9.Z 


II.O 


10.4 


30.6 
XX .z 


1831 
1826 




tJ.4 


If.2 


ao.5 


45.1 

40.7 


1845 


14. z 


3.9 


IZ.Z 


30.3 
X4.8 


18x6 
184* 




16.0 


II.J 


J"-J 


58.6 
50.6 


1831 
1831 


19.Z 


7.6 


15.4 


4X.X 
X8.6 


1837 
1844 




H.7 


9-$ 


9.6 


30.8 


1831 

I83i 


8.8 


10.0 


7.7 


x6.y 


183X 










40.1 








x6.i 


183X 




20.9 


*.s 


10.3 


37.7 

61. 1 

47.4 


1834 

lilt 


6.8 


8.4 


10.7 


X5.9 

34.4 
X4.8 


183 1 

1844 
1844 




!!:$ 


9- J 


11.6 


55.5 


-^ 


8.4 


8.7 


15.6 


3X.7 


1831 




11.9 


*1.9 


5Z.O 


10.3 


10.3 


14.4 
16.0 


35.0 


1847 




16. z 


n*3 


a5.9 


55.4 


1846 


9.8 


9.1 


34.9 


1847 




X5.7 


19.5 


19.1 


74.3 


1846 


14. 1 


13-3 


19.6 


47.0 


1847 




4.8 


7'] 


7-4 


r. 


1846 


^'l 


.?:! 


I-^ 


15.8 


1847 




7./ 


i|.6 


15.0 


18^6 


11.6 


8.5 


31.5 


1847 




xj.* 


16.0 


19.3 


58.5 


1848 


13. 1 


10.5 


14.7 


38.3 


1844 




II.4 


9-1 


2J.4 


«:J 


9 


1:1 


7-1 


9.6 


Z4.0 


1847 




a6.5 


>1.7 


ZI.I 


IX.8 


>3.7 


35-3 


^ 




16.4 


8.1 


9-4 


339 


1849 


14.7 


8.5 


10.3 


33.5 










31.59 


18X7 








15. X7 


18x6 




14. 5 


..'lf-^. 


17.Z 


45.9 


1836 


5.4 


ip.o 


8.1 


li'S 


1847 




Where 


yean only are gii 


tren, fhe 


details h 


ave not 1 


teen acce 


flsible to 


the aathc 


>r. The 


'olHKrvati 


ons are all from 1 


lathentic 


data, m 


any kind 


ly furnis 


lied from 


private 


sources. 


The LaiM 


sashire ohservatioi] 


s are frc 


m Mr. I 


lomersha 


na's repoi 


ts; the 


Cumber] 


ftnd and , 


Westmor 


eland from Hr. M 


iller, of 


Whitehav 


en; Notl 


ineham 


from Mr. 


Lowe; \ 


Celling. ; 


borooffhi 


^m Mr. Reran, C. 


E.; CoW 


amLodg^ 


a from Hi 


isMolesw 


orth'sdin 


malobee 


rvatlons. 

1 
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DETAIL OF MONTHLY RAIN ANd| 


Year. 


Jttuurj. 


Frinary. 


■aieh. 


AiiiiL 


Ik^. 


-i^ 


Total Benrj 


ToUl Heavy 


ToUl 


Omwy 


Tolal 


Hemn 


TMal Hmrj 


rotei 


HryJj 




UU. 1 fitlL 


fan. ; fUL 


falL 


ML 


fcIL 


Afl. 


&1L 


ML 


fiall. 


Mil 




Ins. 


Ins. 


Ina. Ilns. 


Ins. 


Ins. 


Ins. 


Ina. 


Ins. 


Ina. 


Ina. 


ms^ 




ri83i 


5 


.. 


3.92 ' 3.09 


J-*9 


2.10 


2.04 


•57 


.82 


.. 


X.08 


3.2 




1832 


.42 


1.7$' .88 


2.23 


1.00 


1.53 


.80 


2.00 


•:a 


4-43 


1.27 




1833 


x-7» 


,:g 


4.31 3-*» 


]'.^ 


1.85 


»-75 


I. so 


I.JO 


ilM 4-*5| 




i;34 


6.05 


2.31 .97 


3.01 


1.31 


•43 


1. 15 


• 33 


*.isl '5S\ 




1835 


2.07 


.85 


J-5» *-34 


4.08 


3.7* 


1.13 


0.59 


3.34 


1.87 




.32 


, 


i8]6 


6.24 


5.58 


1.99 


1.50 


7-3* 


5.61 


2-II 


•43 


•63 


:l| 


4*15 


2.70 


S 


'Pi 


».8> 


I'd 


3.22 


•94 


3.10 


2.42 


3.07 


2.46 


x^$4 


»-43 


1.87 


e* 


1838 


*-22 


1.92 


1.92 


3.12 


2.17 


3.01 


2.41 


3.93 


3^33 


S-55 


5.IQ 
3.38 


S* 


1839 


3.88 


1-77 


1-45 


2.71 


1.7» 


2.64 


•57 


•41 


^•47 


.81 


4.40 


8 


1840 


6.20 


5.54 


2.58 


I-5J 


.65 


• . 


.:ll 




4.35 


l'<H 


3-11 


"•54 


3 


'^' 


2. II 


1.84 


1. 18 




1.95 


.78 


•31 


'•74 




*.54 

1.76 


1-44 




1842 


1.32 




1.89 


I'.'crj 


4^Ji 


^5* 






2.12 


Iso 


1.38 




1843 


J-5I 


3! 12 


2.05 


2.04 


,:g 




2.66 


1*88 


3.61 


1.87 


3.8S 


1.46 




1844 


2.54 


1-83 


3.04 


2.9; 


3.63 


.81 


•39 


•7« 


•37 


2.31 




1845 


3.19 


2.69 


>.53 


1.26 


2.08 


'•57 


1.51 


•35 


2.94 


\^ 


4-57 


J. 19 


Lift^o 


2.7s 


1.63 


l-M 


2.25 


^•75 


1.49 


2.93 


.91 


2.42 


4-54 


3^7 J 


Arerace 


2.9« 


2.21 


2.60 


X.80 


§•15 


2.22 


1-73 


.82 


2.12 


I.15 


3^46 


2.18 


1 


S 


4.30 


1.75 


2.10 


'•75 


3.00 


2.30 


1.80 


•40 


2.20 


.40 


4.10 


3^»$ 


§• 


5.50 


tn 


J.40 


2.90 


5.20 


4.15 


1.50 


•30 


a.ao 


1.45 


4A) 


4-40 


1 


L.847 


2.10 


2.10 


1.50 


1.45 


1.20 


4.00 


3.40 


4.10 


I.ao 


J.JO 


2.70 


Arerage 


J.97 


J.*5 


».5J 


2.05 


J. 22 


*.5S 


».43 


«-37 


2.8J 


1.6B 


4.10 


34» 




rf'' 


1.67 


1. 15 


2.50 


1.65 


1.13 


.32 


O.QO 
1.60 


.72 


0.98 


•77 


1.80 


.67 




1832 


.77 




.12 




1.47 


.67 


"•35 


2.70 


1.95 


J.08 


1.93 




1833 

i8|4 


.64 
2.41 


0.00 


4.54 
.45 


2.^8 


2.26 


•89 


*:S 


•63 


:l? 




!:S 


J.26 
•35 




;;;i 


1.72 


2.00 


•19 


2.68 


•79 


»-79 


•73 


2.10 


;i6 


a.04 


1.3s 




X.II 




1.87 


':12 


2.24 




1.60 


•34 


•47 




1.48 


•4° 




1837 


3.«6 


2.'26 


!:S 


.41 


.35 


2.00 


1.08 


1.08 


,. 


LH 


•96 


G| 


1838. 


1.00 


.90 


.72 


1.09 




1.68 


•79 


1.88 


'69 


Jjtrj 


S^ "19 


1.40 


.50 


I.IO 


.51 


2.59 


'•99 


.75 


.30 


.66 




4.58 


3-4» 


5 


1840 


1.25 


.36 


1.28 




.70 


• 31 


.:I3 




2.46 


i;i9 


>-99 


.71 


W 


1841 


'•55 


.85 


1.58 


.'58 


1.20 


.32 


.'68 


'•^ 


.72 


3-05 


2.4* 




1842 


2.40 


1.40 


1.48 


.3> 


2.08 


.72 


'•34 


•87 


*•? 


1.22 


1.05 


5' 




1843 


I.J4 


.36 


2.16 


\-M 


.62 




1.39 


'•54 


3.80 


2.89 


1.78 


I.IO 




1844 


1.68 


:& 


1.80 


1.89 


'65 


.39 




•5» 


•35 


"•49 


.79 




1845 


1.42 


.90 


.. 


1.98 


1.51 


1. 12 


.34 


3.37 


2.14 


a.04 


1.13 




1846 


2.50 


1.32 


•57 


.. 


.64 




3.23 


2.32 


1^45 


0.40 


1.08 


.95 


ti847 


.98 




1. 21 


•87 


.94 


.'37 


1.77 


• 36 


S.4> 


3^75 


a.85 


1.50 


Arerage 


1.59 


.740 


f.56 


.674 


1.42 


.523 


1.4a 


.709 


1.89 


.999 


XJL4 


I3X 


AVERA0E OF SAIN FOB 1844, 1846, 1846 ft 1847, 




of Water to Manchester. 


Above Bain Ditto .4 in. Days of .4 fas. Ttotal1>ayi 


LocAurr. Bea. per Ann. aodaboTe. and above. of Bain. 


Manchester iio .. 36.49 .. 16.25 .. s6 .. ao6 

Marple 531 .. 36.56 .. ao.oo .. 31 .. laft 


Combs 720 .. 45-8o .. 27.60 .. 43 .. 160 


Chapel-en-le-Frith . 


. II2X .. 39.92 .. 21.8 


.. 38 .. 136 
S DAT. 


OKEi 


LTE8T DEPTH DT OK] 


1844. 1845. 1846. 1847. 

Manchester 1.36 .. 1.48 .. 0.77 .. 1.20 

Marple 2.90 .. 2.10 .. 0.80 .. 2.30 


Combs 1.50 .. 2.00 .. i.oo .. 2.00 


Chapel-en-le-Frlth .... i.io .. 1.70 .. i.io .. 1.30 


Olemorse. October 3rd 2.14 .. 3.37 July 6th. 


Oilmonrton „ 1.50 .. 2.50 „ 


yoU.—Then fieU without Intermission, on June 23 and 24, 1846, at Glencorae 1.8S and 1 JS 


i-^chcs ; at (tllmourton 1.50 and 1.50 Inches. 
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PEOPORTION OF HEAVY FALL. 


—Tabu 15a 






July. 


Avpifti 


8ept 


Oct 


Hot. 


Sec 


Total 


Total 


Total 
No. of 
Oaj-s 












; 
















Total 


Hvy. 


Total 


22 


rota] 


2K- 


Total 


Hvy. 


Total 


Hvjj 


Total 


Hvy. 


Annl. 


Heavy 


Heavy 




£bD. 


m. 


All. 


lUl. 


fiUl. 


fall. 


£dl. 


ftU. 


fall. 


fall. 


fall. 


&11. 


fall. 




Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 






VI 


2. £2 


3-93 
6.5s 


3.a7 


*-4S 


1.2^ 


3.76 


1.82 


3.20 


i.6f 


2.00 


.38 


31.36 


16.62 


» 




i.os 


5-41 


i.ji 




7.83 


6.64 


1.83 


1. 14 


3.67 


2.49 


3$7» 


22.1$ 


Ji 




J.M 


a.4« 


1.91 


1.07 


a.H 


i!27 


2.32 


1.9c 


3.10 


I.$0 


8.28 


^n 


39.70 


26.62 




s.ij 


4.52 


1.85 


.6j 


'a 


4-32 


^•17 


2.ai 


2.92 


2.08 


2.70 


2.28 


37^7» 


24.78 


39 




i.a^ 


.89 


2.64 


l.U 


$.82 


4.8$ 


3.ii 


3. $9 


2.IQ 


2.66 


1.87 


39-" 


n 


I 




7.85 


6.33 


*-7J 


1.23 


3.88 


2.$7 


2.73 


i.9« 


4.7s 


4.08 


4-7* 


3.70 


49.08 




6.U 


4.84 


$.12 


4.^9 


2.74 


^•iA 


$.$0 


4.2fl 


2.46 


1. 12 


3.40 


2.29 


41.61 


29.9$ 


48 




3.00 


.12 


4.?3 


3.67 


^•b 


4->3 


346 


l^ 


3.20 


2.90 


1.70 


•59 


40^45 


'^t 


4« 




4.30 


\% 


1.06 


;:2 


3.88 


^•31 


2.90 


2.0I 


3^i3 


2.1$ 


2.10 


1.28 


36.86 


45 




5.45 


Z.JO 


4-»3 


2.2j 


2.26 


1.3J 


'•S 


3.06 


1.15 


•39 


36.70 


23.8$ 


41 




4.41 


2.15 


S.50 


4.27 


32$ 


1-43 


r^ 


$.08 


2.68 


2.03 


4.6$ 


4^i$ 


38.51 


2|.$2 


4« 




1.85 


.70 


1.86 


I.OI 


».73 


I.7X 


1. 14 


2.0$ 


1.28 


4.22 


3.22 


25.67 


i$.84 


33 




A'lA 


3.21 


VM 


•5» 


>.J5 


•57 


$.23 


3.67 


4.05 


2.34 


.94 


$.0$ 


33.34 


i{:U 


33 




1.51 


1.82 


•95 


::i? 


2.18 


1.78 


•90 


5.59 


4.44 


.20 




30.12 


40 




1.54 


I.OI 


5.38 


3.7» 


4.02 


8.01 


7^45 


2.90 


I.$0 


4.43 


3.2$ 


43.63 


3».34 


51 




5.59 


4.21 


5.30 


4-59 


"•99 


1. 18 


J.84 


^•55 


2.08 


1.0$ 


1.02 


•77 


38.45 


2$. 92 


38 




3.9s 


2.6g 


3.58 


2.$8 


3^46 


2.33 


4.12 


3.0a 


3.21 


2.1$ 


5.00 


2.39 


37.38 


25.61 


41.7 




i.8o 


1.9s 


0.30 


»-37 


$.80 


5.15 


11.70 


ii.|$ 


7.80 


7.10 


9.80 


9.2fl 


59.60 


48.87 


l^ 




6.10 


4.9° 


$.90 


2.$0 


2.0$ 


$.20 


3.80 


2.40 


1.40 


2.20 


i^55 


47.30 


37^ 10 


S 




Z.IO 


1.50 


1.30 


•40 


4.40 


2.6g 


$.90 


4.90 


6.00 


4.95 


4.50 


3.20 


41.25 


31.24 


62 




3.67 


2.7a 


3.90 


2.89 


4^»3 


}.6c 


7.(^ 


6.68 


5.40 


4^48 


5.50 


4^6$ 


49.38 


39.07 


66.1 




».J5 


1-55 


f.03 


4-5^ 


a.90 


2.12 


*.4^ 


1. 19 
1.08 
"•49 


1.9$ 


.82 


1.96 


•38 


15.57 


i$.88 


30 




':g 


1.00 

• JO 


3.89 

2.02 


2.1^ 
i.OH 


.90 
1.49 


% 


1.8$ 

2.23 


*:S 


% 


"^ 


•3« 

.30 


22.$$ 
22.62 


11.89 


»5 

13 




5.84 


J. 18 


1.39 


•9« 


2.61 


•V 


,:S 




•79 


•50 


•3« 


14.66 


6.^ 


12 




I.ZO 


.97 


0.84 


•40 


1. 6a 


2!64 


;^ 


.72 


.27 




^f? 


".23 2$ 1 




1.60 


'h 


1.22 


.33 


2.38 


.61 


2.73 


1.9$ 


1.93 


1.22 


•'78 


7-79 


16 




1.88 


.83 


IT, 


3.05 


;:s 


.86 


1.96 


1.06 


'55 


•34 


2. $8 


1.29 


23.$8 


12.44 


21 




1.61 
4.36 

2.76 




>*33 


1.03 


i^3$ 


.92 


1.17 


.30 


0.79 


.3^ 


18.61 


8.09 


16 




3.50 


l:S 


2.28 
•40 


2.16 
1.90 


:^ 


\% 


•:|i 


3.25 
2.08 


^2 


'i 


•35 


16.64 
6x>i 


29 
»4 




3-74 
3.57 


i:S 


2.8$ 

1.0$ 


•:S 


3.43 
3.72 


a. 19 

2.20 


*:S 


1.62 


2.11 
3.80 


■1 


•:g 


^3 


27.26 

14.73 


1420 
I4X>3 


27 
21 




2.^ 
Z.63 


>.37 


4.02 


\% 


0.47 


.. 


3.3$ 


1. 61 


2.84 


'S^ 


.12 


.. 


24.29 


14.80 


30 




•iyl 


»-57 


2.$0 


"•54 


2.37 


i.$8 


3.40 


2.8$ 


.40 


.. 


21.64 


12.48 


M 




*-^i 


4.8$ 


1.82 


1.26 


•73 


1.30 
4.38 


'^ 


1.13 


'^l 


2.32 


.:5I 


24.29 


12.87 


28 




'•2! 


1.22 


3.c« 


».4^ 


•79 


.37 


2.64 


1.70 


1.18 


2.00 


23.4P 


14.28 


*9 




.86 


.68 


1.46 


•79 


1.54 


.88 


2. $2 


I.;? 


1.32 


•53 


3.06 


2,14 


23.92 


iji5$ 


»3 




2.J2 


1. 37 


2.64 


1.80 


1.93 


1.02 


2.28 


.30 


2.10 


1.06 


'•44 


•53 


22.30 


11.93 


2^fX 




The ahove Table shows the qnantitj of rain In each month of the yean spectted. 




placed in Juxtaposition with the amount of rain giren by fiOls of -3 inch and 




upwards, as extracted from the diurnal registries. 




The places are Olencorse in the Pentland Hills, 734 feet above the sea. 




Gihnourton .. Ayondale „ 600 .. „ 




Boston. lincohishire, about 40 „ 




The two former give fidr specimens of rain-fiOl In ordinary hill district* The 




laal gives the average rain hi tt 
The foUowing Table of ] 


le flat central parts of Q 


reat Britain. 

Tacted from a rery useful 




Etain in Ireland is ez( 




treatise on Hydraulic Engineering, by John Dwyer, C.E., of Dablin. 




LocALRT. NaofTra. Aveng*. 




Dublin .. 




6 .. 30.87 Inches. 
6 .. 34.96 .. 
18 .. 37.80 „ 




Belfast .. 






Castlecome 


r 




Cork County 6 . . 40. 10 „ 




Cork City 6 . . 36. oj „ 




I>«rry 7 .. ji.ix „ 





B 6 
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VELOClTlES—TABLBie 




GRADIENTS— Table 17 


Vatt per Xbiuto tad mllM | 


Bate and FiOl lA Feet per Mile and per | 




per Hour. 


rfio 




ChaiiL 






For feat per lecond divide b] 


ForlnebespernoonddiTidelqr 5 1 


For fcet per mile dhide 6380 bj the nte. 1 




For feet per chain dlTlde 66 bj tiie rate. 1 


7Mt 

permln. 


mi— 
per hour 


Feet 

permln. 


Wilei 


Bate. 


FALL. 


Bate. 


FALL. 1 


per hour 


one in 


Feet per 
mile. 


Feet per 
chain. 


one In 


milA 


Feet per 


lO 


.IIJ6 


x8o 


3. 181 


1 

I 


1056 


13. X 


180 


X9.3 


.366 


II 

IX 




Soo 
310 


3.408 


880 


II.O 


18X.1 
188.6 
190 


X7.» 


.361 
.349 
.347 


M 


•'*^ 


4.089 


9 


586.6 


VIS, 


195.6 


S.4 


.337 


11 


:3^ 


380 


4.317 


10 


5x8.0 


xoo 


.330 


400 


4.544 


IX 


440 


5. 50 


XII.X 


45 


.3 IX 


S 


.1914 


410 


4.771 


H 


377.* 


4.7> 


xio 


M 


•'22 


.lOMtf 


% 


4.998 


330 


J:S 


XX9.6 


43 


.x8S 


>9 


.»6t 


5.XX5 


18 


X93 


MO 


XX 


.»75 


lO 


.ai7* 


480 


|.»4« 


xo 


*^ 


i:IS 


X|i.4 


XI 


.x6x 


»f 


.1S40 


soo 


X5 


XII. X 


4l 


xo 


.xso 


lo 


.3409 


IS 


30 


'T^o 


x.xo 


167.9 


:i 


.*37 


iS 


.1981 


6.814 


35 


150.8 


1.88 


«93.3 
310.6 


.XX4 


40 


li 


650 


7-J«4 


40 


131 


I:SI 


'I 


.XIX 


45 


700 




45 


J»7.J 


330.0 


16 


.100 


& 


.6150 


iS 
850 


50 


1.3X 
1. 20 
1. 10 


35X.O 

JS:! 


«5 
14 

13 


.187 

:;m 


6$ 


.7187 


900 


10.X18 


65 


81. X 


1. 01 


440.0 


IX 


.150 


TO 


.9108 


950 


10.706 


70 


75-4 


.8x 


480.0 


II 


.138 


u 


1000 

1056 


11.365 

IX. 


il 


S:J 


5x8.0 
^1 


10 

2 


.1x5 

.IIX 


«5 


.967 


1131 


18. 


8x 


64.4 


.80 


.100 


90 
9S 


1.0x4 
1.080 


1408 
1584 


U 


6i.8 
61.4 


:a 


Uti 


? 


.0874 


lOO 


I. in 


1760 


xo. 


88 


60.0 


.75 


960 


5.50 


I05 


1. 19? 


1936 


XX. 


9° , 


58.6 


.73 


1056 


5.00 


iofas 


no 


1.150 


XIIX 


12: 


91.6 


57.0 


% 


"73 


4.5 


.056X 


"5 


1.107 


XX88 


95 


55.5 


1310 


4.0 


.0500 1 


ISO 


I.J64 


^. 


x8. 


96 


55.0 


.68 


"5^ 


15 


.0437 


"J 


1.4x1 


30. 


98 


53.8 


:S 


1760 


3.0 


.0375 


IJO 


1.478 


x8i6 


3». 


100 


5X.8 


1910 


».75 


.0345 


i|5 


1.555 


ns 


11- 


101.5 


5X.O 


.65 


XIIX 


X.50 


.03 IX 


MO 


1.59X 


103.5 


51.0 


.63 


2^ 


x.xs 


.0x81 


«4J 


1.649 


3344 


38. 


105.6 


50.0 


.6x 


1. 


.0x50 


ISO 


1.706 


IS? 


40. 


no 


48.0 


.60 


3017 


1-75 


.0Z18 


'1* 


1.763 


4». 


"5 


45.9 


.57 


35x0 


"5 


.0187 
.0156 ; 


i6o 


1.810 


3871 


t 


110 


44.0 


.55 


41x4 


1.15 


165 


1.877 


4048 


1x5 


4X.X 


.5* 


5x80 


I. 


.01x5 ! 


















inches. 


1 


170 


1. 914 


41x4 


48. 


130 


4D.6 


:J3 


gts 


II 


.0111 i 


'Z* 


1.991 




50. 


135 


39.1 


fO 


.0104 j 


160 

i«5 


X.048 
1.105 


f£ 


II: 


140 
145 


U:J 


•47> 
.455 


?f 


1 


:^ 


190 
«95 


x.i6i 
X.117 


l?S 


65. 

70. 


150 


35.» 
34.0 


.440 
.4*5 




I 


:Si 


aoo 


X.X7X 


6600 


2: 


160 


33.0 


.410 


5 


.005X 


110 


«.953 


7040 


16$ 


3X.0 


•^ 


'1584^ 


4 


.0043 


X 


^ 


90. 

100. 


176 


31.0 

30.0 


.388 

.375 


XIIXO 

31680 
63360 


3 

X 


.0031 

.00x1 
















I 


.0010 
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COMPABATIVE MEASURES.— TableW 



CHADTS, TABBS, AHB FEET, 

with their Redproeal BqulTalents, and a TwMlm of Kfdnetloiia 

fbr Mopes. 

JUrnk ^ 7 .92 inehe§. CJMite - 793 1 



Chains Into Feet 



I 

2 

3 
4 
5 

o. 6 
o. 7 
o. 8 

0.10 

O. 20 

o. 30 

o. 40 

o. 50 

o. 60 

o. 70 

o. 80 

0. 90 

1. 00 

2. 

3- 
4- 
5- 
6. 

7* 

8. 

9- 
10. 
20. 

30. 

35. 
40. 

45. 

50. 
ss- 
60, 

65. 

70. 
75. 
80. 



Tanli. 



.22 


.66 


•44 
.66 
.88 


i.3» 
1.98 
2.64 


1. 10 


3.30 


'.33 
1.54 
1.76 


3.96 


2.20 


jJS 



4.40 
6.60 
8.80 

11.00 
13 -io 

15.40 

17.60 

19.80 

22.00 

44.00 

66.00 
88.00 
no. 

13a- 

154- 
176. 
198. 
220. 
440. 
660. 

770. 
880. 
990. 

IIOO. 
1210. 

13^0- 
1430. 
1540. 
1650. 

1760. 



Feet. 



13 -ao 
19.80 
26.40 
33-00 
39-^o 
46.20 
52-80 

59-40 
66.0c 

132 

198. 
264. 
330- 

39<5. 
462. 

528. 

594* 

660. 

1320. 

1980. 

2310. 
2640. 
1970. 
3300. 
3630. 

3960- 
4290. 
4620. 
4950. 
5280. 



Feat rnte Chains. 



Feet. 


Tarda. 


links. 


.10 


.033 


0.15 


.20 


.066 


0.30 


.25 


.082 


0.38 


•30 


.010 


0.45 


.40 


•»33 


0.60 


.50 


.166 


0.76 


.60 


.200 


0.91 


.70 


•233 


1.06 


.75 


.250 


I-I3 


.80 


.266 


1.21 


.90 


.300 


1.36 


1. 00 


.33 


»-5» 


2.0 


.66 


3.0 


3-0 


1.000 


4-5 


4.0 


1-33 


6.0 


5'° 


1.66 


7.5 


6.0 


2.00 


9-1 


7.0 


2.33 


10.6 


8.0 


2.66 


12.1 


9.0 


3.00 


13.6 


10.0 


3.33 


15.1 


15.0 


5.00 


22.7 


20.0 


6.66 


30.3 


24.0 


8.00 


36.3 


27. 


9.00 


40.9 


30. 


10.00 


45.4 


33. 


11.00 


50.0 


36. 


12.00 


54.5 


^-. 


13 -PO 

13.33 


iu 


42. 


14.0 


63.3 


45- 


15.00 


68.2 


48. 


16.00 


72.7 


50. 


16.66 


75-7 


51- 


17.00 


77.3 


54. 


18.00 


81.8 


57. 


19.00 


86-3 


60. 


20.00 


90.9 


63. 


21.00 


95-4 


66. 


22.00 


100. 



For aaoh 100 on Slope. 



Rate of 
EaU. 



Angle. 
Deg.mn. 



I in 20 
» »9 

» 17 

,','18 



I in 

n 
n 
„ 
n 



„ 6 
I in 5 



1 m4 



1 in 3 



I in i^ 
1.1 



1.0 

2.0 

2.52 

3.01 

3.11 

3.22 

3-35 

3-49 

4.46 

5-12 

5.45 

6.20 
7.10 

8.10 
9.30 

10.00 
11.20 
12.00 

13.00 
14.02 
15 •00 
16.00 
17.00 

18.00 
18.26 
19.00 
20.00 
21.00 

22.00 
23-00 
24.00 
25.00 
26.00 

26.34 
27.00 
28.00 
33.41 
45.00 



I>ediict. 



.015 
.061 
.126 
.137 
.»53 

-173 
.198 
.225 

-343 
.406 

.503 
.610 
.781 

1.014 

1.373 
1.519 

i-95o 



2.563 
2.980 
3.408 
3.874 
4.369 

4.894 
5.130 
5-448 
6.031 

6.642 

7.282 

7.949 
8.645 

9.369 
0.120 

10.570 
10.900 
11.645 
16.667 
29.290 
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USEFUL WEIGHTS AND MEASURES.— Table 19 



Inches and Fractions expressed in Decimals of a Foot 

NoTB.— The first column giyes the dedmals corresponding to the fractional parts 
ofapltsln tlMBeactooliuiin; tluuthrae-fllzt««Btluia.i975of aniaeh. 

The remaining oolomns give the dedmals of a foot corresponding to inches 
and parts: thna 5f inches =.448 of a foot. 
I* M =.094 m 



Dedmals 
•fUaitj- 



Inchef. 





1 


2 


Parte. 


Foot. 


Foot. 


Foot. 


0- 




.08? 


.166 


1-16 


.005x08 


088 


17X 


I- 8 
I-16 


.010^16 
.0156*5 


094 
099 


;ii 


]Z.i 


.oio8n 


104 


187 


.0&604I 


109 


m 


J- 8 


.03IZ5 


"4 


198 


7-16 
I- z 


:t&' 


izo 
"5 


S 


?:1 


.046875 

.P5»o8j 


IJO 


ai3 
Z19 


II -16 
11-16 


.057*9' 
.0^50 


140 
146 


ZZ4 
z«? 


.0677^ 


'^' 


ai4 


?- 8 


.071916 


156 


2J9 


15-16 


.0781x5 


161 


245 



10 



u 



,061s 
.1&50 

'1975 
.Z5 
.J 115 
.3750 
.4175 

.f6»5 

.6x50 

.6^5 

.7J 

.81Z5 

.8750 

•9J7f 



Foot. 
.X50 

260 

*65 

3? 

z86 
191 

497 
30Z 

S07 
5" 
J18 
l*J 
328 



Foot. 

.133 
338 
344 
349 
354 

IS 

37* 
375 
380 
385 

396 

406 
4" 



Foot. 
416 
4" 
4*7 
43* 
437 
443 
448 

I 

474 

489 

495 



Foot. 
500 
505 
510 
5>5 

5z6 

536 
54» 

547 
55* 

?s 

568 

"I 
578 



Foot 
583 
588 
594 

609 
6zo 
630 



Foot. 
666 

677 
68z 

697 
703 
708 

7'l 
718 

7*3 

7*9 

734 

739 

744 



Foot. 
750 

760 
765 
77J 

^' 
786 
791 

797 
80Z 
807 
81Z 
818 
8Z3 
8z8 



Foot. 

.833 
838 
84« 
849 

IS 

870 

875 
880 
885 

9" 



Foot. 
,916 
912 
927 
«* 
937 

948 

i 

969 

974 

^ 

989 
995 



Miscellaneons Numbers and Bnles. 



Length of an Are-'No. of Deg. x Bad. x .01745 
Circnm. of Circle— Dia.x 3 • 1416 
Area ,» — DiaS x.78f4 
EIHpfB Area. =T. axIs x G. Axis x .7854 
Spheroid Cuhe = Rev. Ads 3 x f. Axis x.sxj6 
Sphere Snrflice^Dia' x 3*1416^ 
„ Cnbe — Dia' x .5x36 
Parabola Area ^}rds of base xheiglit 
Para]>oloid Cube -i base x height 
CbBe& Pyr. Sar.—! girt, of base x slant height 
„ Gnb»->«rea of base xi> height 



Grains in i lb. Avoirdnpoia ..... 
Cubic Inch, in Imperial GaUon . 

Do. ' in Imperial Bushels 
Lba. in the Imperial Gallon w . 

Lbs. in the Cable Foot 

Imperial Gallon b in i CnbicFoot 

Miles in i Degree 

Length of Seeoada Fend. LaL 51" 

>f a t« >» 

** V M M 

>1 T M *f 



=277.274 ! 

=2218.192' 
=10*003 

=62.5 
=6^23 

=69.044 
=39.13938 

=9-785 ; 

=4-349 
=x.446 



Millimetre .. 

Centimetre .. 

Decimetre .. 
Metre 



Afyriametre.. 
Toise (old) .. 
Foot (pied.) 
Inch (ponce) 
Line (IJgne) 
Cubic Metre 



Beduction of Foreign 



=s 0.03937 inches 
= 0.39371 „ 
= 5-93708 „ 

=39-37079 M 
= 3.x8o8feet 
= 1.0936 yards 
= 6.xi}8 miles 
=76.68 Inches 
=ix.78 „ 
= 1.06578 » 
= .088815 „ 
=35.317 cubic foet 



Measnres 

Are (hoiA) .. 



Kil. per sq. MHUiL =i4Z2. lbs. per sq. inch 

Litre =61.028 cubic inches 

Afeftre^squw^ .. =1.196 yards square 
= 10 . 764 feet square 



Hectare.. 
Litre .. 



into English. 

Enfflish. 
=3,95 perches 
=119.6 sq. yards 
=0.0247 t^T^ 
=*-47"43 .. 



Capacity. 
.. =1.760773 pintt 
.. =0.2200967 gallons 
Decalitre .. .. =2.201 gallons 
Hectolitre .. .. =22.01 „ 
„ .... =2.7512 bmfaels 

Umght. 
Decigramme .. =1.5428 grains 
Gramme .. .. =15.428 ^ 
Kilogramme .. =2.6803 lbs. Troy 

„ .. =x. 105 5 lbs. Avoirdupois 
Quintal =2x0.55 „ ., 



Various Nattonf, 
Berlin foot .. = 

Copenhagen .. = 
Dantzic foot . . = 
Hamburgh ft. .. = 
Naples Paha .. = 
Roman foot •• = 
Russian » •• = 

Spanisk .. 

„ vara .. = 
Eng. mile (5x80 ft.)= 



:ix.i9 indies 

= ".35 H 

:II.29 „ 

=11.29 „ 

:10.38 ., 

:II.6o „ 

=13.75 

= 11. IX *, 

:33.*7* .» 
11760 yarda 



Various Nation*. Englith 

Nautic. mile (6o75.6ft.)=2025.2 yards 



Flanders mile 
French league 

„ nautical 
German long mile 

short M 
Irish 

Prussian » 

Russian verst 
Spanish league 



.. =6869 
.. =^3 
.. =6075 
.. =10126 
.. =6859 
.. =3038 
. =8468 
.. =1167 
.. =4635 
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USEFUL WEIGHTS AND MEASURES. -Table 19a. 



Areas of Segments of a Circle, and lengths of Circular Arcs, 


Taking diameter ae unity for Artas, and base of segments ets 




unity for Lengths, 




BUIA FOB ABKAg 


.—Multiply the area of the circle of which the giyen secment II 


is a part, by the tabular area, the result will be the area required. 1 1 


V.SilL 


Area. 


Length. 


V. Sin. 


Area. 


Length. 


V.Sin 


Area. 


Length. 


.OI 


.0013 


,, 


.18 


.0961 


1.084 








.ox 


.0037 


.. 


.19 


.1039 


1.093 


:\l 


.2450 


1.300 


.0} 


.0068 




.20 


.1118 


1. 103 


.2545 


1.316 


.04 


•0105 


.. 


.21 


:\X 


1. 114 


\% 


.26*2 


i.33» 


.05 


.0147 


•• 


.12 


1. 124 


.2739 


1-349 


.06 


.019Z 


1.006 


.13 


.1364 


1.135 


.39 


.2836 


f.366 


.07 


.0*41 


1. 018 


.24 


.1449 


1.147 


.40 


•*934 


1.383 


.08 


.0Z94 


1.014 


:il 


. 1623 


1.159 


.41 


.3032 


1.401 


.09 


.0350 


1.020 


1.171 


.42 


.3130 


1.418 


.10 


.0409 


1.026 


:3 


::iii 


1. 184 


.43 


■x^ 


"•437 


.11 


.0470 


1.032 


1. 197 


.44 


».455 


.IZ 


•o|M 


1.038 


.29 


-.1^ 


1.212 


:% 


.3418 


".474 


.IJ 


.0000 


1.044 


.30 


1.225 


.3547 


'.493 


.14 


.0668 


1.051 


.31 


.2074 


1.239 


:% 


.3627 


1.51* 


ly 


.0739 


1.059 
1.067 


.3« 


.2167 


r.254 


•37*7 


1.5J1 


.16 


.0811 


.33 


.2260 


1.269 


.49 


.3827 


i.55» 


.17 


.0885 


1.075 


•34 


•1355 


1.284 


.50 


•39*7 


1.571 


Lengrtb of Degrees and KinuteB 


Heiglxt of Apparent above True LeveL | 


of an Are, 






1 




1 


RADIUS BEINa UNITT. 


when neceuary. 11 


Deg. 


liengfh. 


Min. 


Length. 


Dist. 
Chns. 


Subtract 
Feet. 


Dist. 

::;hns. 


Subtract 
Feet. 


Dist 
Chm 


. Subtract 

1. Feet. 


I 

X 


0.017453? 
0.0349066 


I 
2 


0.0002909 
0.0005818 


I 
2 


0.00 
0.00 


II 
12 


0.012 
0.015 


21 
22 


0.045 
0.050 


I 


0.05*3599 
0.0698132 


3 


0.0008727 
0.0011636 


3 


O.OOI 


13 


0.018 


13 


0.055 


4 


4 


4 


0.002 


14 


0.020 


24 


0.060 


1 


0.0872665 


5 


0.0014545 


1 


0.003 


>5 


0.023 


S 


0.065 


0.1047 198 


6 


0.0017454 
0.0020363 
0.0023272 
0.0026181 


0.004 


16 


0.027 


0.070 


I 


0.1221731 
0.1396264 


I 


I 


0.005 
0.007 


;j 


0.030 
0,033 


% 


0.075 
0.080 


9 


0.1570797 


9 


9 


0.008 


>9 


0.037 


29 


0.085 


10 


0.1745330 


10 


0.0029090 


10 


0.010 


20 


0.041 


30 


0.090 




BBIGKWOBE. 


Square Tards in DedmaU of an Acre. 


I Rod takes 4,200 to 4,500 Bricks; 
270 to 300 Bricks = 1 ton. A 




rod is 30e c. ft., or 11.33 c. yards. 


Sq- 


Decimal 
anAcie. 


Sq. 


Decimal 
of 


Sq. 


Decimal 

of 
an Acre. 


Wall 


Contains Bricks. 1 


Yards 


fards 


an Acre. 


YardB 


sup. feet. 


At 1 Brick, h 


.tU Brick. 


, • 


.000206 










1 


11 


16 


* 
3 


.OOQAI 

.00062 


30 


.0041 
.0062 


200 
300 


.0413 
.0619 
.0826 


2 

3 


22 
33 


33 


4 


.00083 


40 


.0083 


400 


4 


44 


1 


.00103 
.00124 


S 


.0103 
.0124 


IS 


.1033 
• 1*39 


1 


a 


82 
99 


i 


.001x4 
.00165 


S 


.01^ 
.0165 


?S 


\\tt^ 


I 


i 


"5 
132 


9 
10 


.00185 
.00206 


90 
100 




0185 
0206 


S 

IC 


)oo 

)00 


.18 

.20< 


S 




9 

10 




99 
no 




t 



Digitized by VjOOQIC 



88 



WEIGHT, STRENGTH, &c. OF MATERIALS — Table 20 



XETALS, BUILDIVO KATEBIALS, FLUIDS, &o. 



TABXA8 or VARIOUS P&OPBRTIB8. 



The difltarent qniilltlea of mateiiala In these tables express an average, from the best 
authorities, and in many cases from original experiments. Allowance most be made, in 
many cases, fiyr the natnre of the materials, when applying the tables, as many are in their 
nature variable. 

Tenacity varies as the sectional area. 

Transverse strength as the square of the depth 4- by the length ibr rectangular beams ; 
or as the cube of the diameter -r by the length in cyUndric beams. 

Resistance to crushing increases generally in a much more rapid ratio than the area. 

The multipliers for transverse strength give the breaking weight fbr rectangaiar beams, 

JUei at one end and loaded ot the other i thus, I^^li^2^^^12il? ^breaking weight in lbs.; 

length 
When JUed at one end and mniformlp loaded, take twice the tabular number. 
When supported at both endt and loaded in the middle, UHobfour timee the tabular number. 
When etgiported at both ende and untfomUp loaded, take eight timee the tabular number. 

Non.— Safe load should not be more than one-fourth to one-sixth of tho breaking weight. 



lOnCALB. 



Spedilc 
Gravity. 



Weight 

ofa 

cubic 

Foot in 

lbs.avd8. 



Velttng 

Point. 

Fah. 



Tenacity 

per 
Sq. Inch 
in lbs. 



Crushing 
Force per 
Sq. Inch. |3S»'to21S«. 



Antimonj, Cast 

Bismath, Cast 

Brass 

Copper 

Gold, Pare 

QoldCoin 

Iron, Cast (yariable) 

Iron, Swedish 

Iron, Malleable, best 

Bar 

Lead 

Mercury, Fluid ... 
Platinum, Purified 
Silver, Standard... 

Steel, Soft 

Tin 

Zinc 



6.600 
9.810 

8.399 
8.607 

19.253 

17.647 
7.104 

7.600 

7.700 
11.446 

13.568 

20.250 

10.300 

7.800 

7.291 

7.028 



418 
613 

538 
1203 



444 



481 
717 

848 
1219 
644 
490 
455 
439 



8io» 
47a 
1869 

2548 
2590 



3479 



612 

wire 
12800 

442 
7000 



1066 

3*50 
17968 
19072* 
20450 



S 13440} 
( 23000 J 



6oooo( 

1824 



,.. 56000 
40900 
120000 

53« 

{16090) 
200003 



10304 



TOKS. 

40 to 50 



20 to 30 



1. 001 1 
1.0014 
1.0020 

I.OOT8 
1.0016 



l.OOIlf 



I. 0012 
1.0028 

.oi6o§ 
X.0009 
1.0019 

l.OOII 

1.002a 
.0029 



• Wrought Copper Tenacity 33,000 lbs. 



t Shrinks, when cast, I Inch per foot. 



t Tenacity of Common Bar (say) 15 tons per square inch ; EListic Power (say) two-thirds 
of ultimate strength ; Best Iron one-half. Compression begins at 10 to IS tons. 

Multipliers for transverse strength. 
Cast Iron average 8,000. 
Wrou(;ht Iron average 16,000. 

9 BoOs at 660« ; expansion of glass tube 3S« to 212b=: 1 .0006. 
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WEIGHT, STRENGTH, &c. OF MAT£RIALS.--Tablk^ 



buhdibo ahd otheb 

ICATEBIALS. 



Alabaster 
Basalt ...»• 

Brick 



Brickwork, in Cement ... 

Do. in Mortar ... 

Ck>ncrete, Fortld. Cement 

Do. common lime. . 
Cement, Portland 

Do. Boman 

Chalk 

Claj, Medwaj 

Da common 

Coal, Newcastle 

Da Welsh 

Da Cannel 



Coke 

Earth, rammed 

Flint 

Fl< 
Glass, ]^ 

Grayel 

Granite, Cornish 

Do. Aberdeen 

Da Red Egyptian 

I/ime, of Stone 

Do. of Chalk 

limestone, Bolsover ... 

Da Bine lias 

Do. Plymouth 

Do. Statuary marble. 

Do. Purbeck 

Marl 



Mortar 

Oolite, Bath 

Do. Portland 

Porphyry 

Pozzolano 

Sand, River 

Roofing ..... 

Sandstone, Bramley Fall 
Do. Darlev Dale 
Da Craigfeith .. 
Do. York Landing 

Serpentine, Green 

Shingle 

Slate, Welsh and Valencia 

Do. Westmoreland .. 

Sulphur 

TUe 



Grayitj. 



Wei(^t 

bfaCalylc 

Foot in 



2.699 
2.864 

[2.168 
1.680 
1.568 
2.272 
1.900 
1.280 
1.040 

a. 315 

1.440 

2.000 

1.257 

1-337 

[X.300 

[x.400 

.744 

1.584 

2.630 

a. 453 
1.900 
2.662 
2.625 
2.654 
.483 
.704 
2.316 

a. 467 
2.677 
2.638 
2.601 

f 1.600 
2.800 
1.751 
1.839 
2.145 
2.765 
1.-4.. 
1.886 

2.506 
2.628 
2.266 
2.320 

*.574 
1.424 
2.888 
2.79 
a. 033 
1. 815 



168 
179 

97 
135 
105 

98 
142 
120 

80 

65 
H5 

90 

"5 
78 
83 
81 
89 
46 

99 
164 

153 
120 
166 
164 
166 
53 
44 
HS 
154 
169 

165 
163 
100 
170 
107 
"5 
»34 
173 
90 
118 

156 
164 
142 

145 
164 

89 
180 
174 
127 
"3 



No. of 

Feet In a 

Ton. 



Gmihing 

force per 

Square 

Inch, in 

Ibfl. 



13.3 
12.5 
23.0 
16.6 
21.4 
22.9 
15.8 
18.6 
28.0 
34-4 
15.4 
25.0 
17.0 
28.7 

27. 
27.6 

a5.a 
22.6 



18.6 
13.5 
13.5 
13.5 
4a. 2 
51.0 
15.4 
H.5 
13.* 
13.5 
13.7 
22.4 

13. a 
21.0 

19.5 
16.6 

12. 9 

25.0 
19.2 

14.4 

13. 5 
15.8 
15.4 
13.6 
25.2 
12.4 
12.7 
17.6 
20.0 



1500 

2QOO 



500 



8000 



6400 



3729 



5800 



Cnuhing /broe Of 
flre-bridu as bigh 
as 6,600 Zm. 
CBudianan.) 

Vortar. 

eflMt 

1 Dorking Lime 
'3 Sand 
1 Water 

6 Total, will make 
a.9 cnUc feet of 
Mortar, or dry 
materials toMor- 
tar, as 4 to 3, 
nearly. 

Ilooriiig. 

80 lbs. per foot 
sapeifldal. 

OlaM. 
Expansion ^2? 
to ai2«— .00066. 

Cnuhing 
Weighti 

are probably a 
minimum, as 

strength increases 
more than as 

the square of the 



70 lbs. p. bsh. Stone 
66 lbs. „ Chalk 

Sand 

gb rlTilrff one-third 
if wetted. 



Soefing. 

For force per 

of wind •q./t- 

take .. 40 lbs. 

Slating ..12 „ 

FUin tiling 17 „ 

Great wrought- 
Iron roof of Lime- 
street railway sta- 
tion, 163.6 ft. span; 
length 374 feet; 
principals 21.6 ft. 
apart; weight of 
iron in each prin- 
cipal lOtons; cost 
£22 per square; 
proof load 72 lbs. 
per foot sup. 
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WEIGHT, STRENGTH, &c. OP MATERIALS— Table 20 



Spedlle 
Qraylty. 



Weight 

of a Cubic 

Footta 



No. of 
Feet to 
a Ton. 



Tenacity 

per 
Bqnare 
inch in 



Crashing 
force per 
sqnare 
inch in 



Multiplier 

for 

Tnme- 

▼erse 

Strength. 



Alder 

Ash 

Beech 

Birch 

Box 

Ebony 

Cork 

Elm ^ 

Lardi 

LanoeWood 

lignam Yitn 

Mahogany, Spanish .., 
Do. Honduras 

Oak, English , 

Do. Canadian , 

Do. Dantxic 

Do. African 

Green Heart 

Pine, Bed , 

Do. American Tellow... 

Plane Tree 

Sycamore 

Teak „. 

Walnut 



FL17ID8. 

Alcohol, Commercial.. 

Ammonia .., 

Ether, Sulphuric 

Milk 

Muriatic Acid. 

Naptha 

Olive Oil 

Sperm Oil 

Sulphuric Acid 

Turpentine, Spirit 

Water, Rain 

Do. Sea 

Ice 



OA8E8. 

Air 

Ammoniacal Gas , 

Carbonic Acid 

Chlorine 

Carburetted Hydrogen , 

Hydrogen 

Oxygen 

Sulphureous Acid , 



.800 
.767 
.777 
.79* 
.960 

.250 
.240 
.588 
•5« 

.022 
.220 
.800 
.560 

•934 

.872 

.75'^ 
.97i 
.000 

.657 
.461 
.640 
.690 

.<557 
.671 



.837 
.897 
•739 
.032 
.194 

.915 
.872 
.841 
.870 
.oco 
.026 

.940 



1. 000 

0.596 

0.470 
0.420 
0.069 
1.103 
^•234 



50.0 

49 -o 

43 •" 

49-5 

60.0 

70.4 

15.0 

36.7 

32.6 

«3-9 
76.2 
50.0 
35^o 
58^3 
54^5 
47^» 
60.7 
62.5 
41.0 
28.8 
40.0 

43.1 
41.0 
41.9 



52^3 
56.1 
46^3 
64-5 
75 -c 

57^2 

54.5 

115.6 

54-9 
62.5 
64.1 
58.7 

Grains. 

3i9^8 
800.1 
246.7 
220.5 
43.7 
627.8 
1207.9 



44.8 
45-7 
51.0 

45^2 
37^3 

30.0 

6x.o 
68.6 
35^1 
»9-3 
44.8 
64.0 

38^3 
41.1 

47.4 
36.8 

35^o 
54.5 
77^7 
5«.o 
5».o 
54^5 
53-4 



14186 
17207 
16817 
15000 
1 989 1 



^3489 
10220 
24696 
1 1800 
16500 
8700 
17300 
10253 
12780 



1 1 700 

13000 

15000 

8130 



6895 

9023 
. 9048 

4567 
10299 



10331 



8198 



5375 
5445 



i2ior 
6645 



2026 

15^0 
1900 



1030 
900 



1800 
1760 

1450 
2000 
2700 
1340 



2460 



Boiling 
Point. 



Expan- 
sion 320 
to 212«. 



»73** 
100" 



316° 

212« 

213^2 



1.1 10 

1.070 

1.060 

1.080 
1.080 
1.060 
1.070 
1.047 



^•375 
Do. 
Do. 
Da 
Do. 
Do. 
Do. 
Do. 



at77®exp. 1.003 



To convert moist 
air or gas into 
dry: — 

Multf. 
Deg. Deg. pi 
53 to 57 - .986 
57 to 63 - .980 
64 to 69 - .976 
69 to 73 - ^974 
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WEIGHT OF IRON, 


&C.- 


-Table 21 






KALLEABLE IRON, 


FOE ONE FOOT IJf LENGTH. ] 


For weight of cart Iron, maltiply bj 


.95 




steel „ l.oa 


lead „ 1.60 


„ copper „ 1.13 


zinc „ .92 


SOUHD AKD SQUABE BAB. | FLAT BAB. || 


Size. 


Bound. 


Square 


Size. 


Round 


Squarejwide 


ThJck. 


nfck. 


Thick. 


rhlck. 


JL. 


ins. 


ll». 


lbs. 


Ins. 


lbs. 


lbs. 


Ins. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 




0.7 


0.8 


5 


67 


84 




0.8 


1.3 


1.7 


2.1 


2.5 


i 


1.0 


1.3 


5i 


69 


88 


1;' 


1. 1 


1.6 


2.1 


2.6 


3-* 


i 


1.5 


1.9 


$:• 


73 


93 


I 


1.3 


1.9 


*.5 


3.* 


3.8 


i 


2.0 


2.6 


si 


76 


97 


I 


1.5 


2.2 


3.0 


3.7 


4.4 


1 


2.7 


3.4 


H 


81 


102 


11 


1.7 


2.5 


3.4 


4.2 


5.1 


i4 


3-4 


4-3 


5' 


84 


107 


2; ' 


1-9 


2.9 


3.8 


4.8 


5-7 


1; 


4'i 


5.3 


5; 


88 


iji 


2 


2.1 


3-* 


4-* 


S'3 


6.3 


If 


5.0 


6.4 


Si 


91 


116 


2} 


a-3 


3'S 


4.6 


5.8 


7.0 


H 


6.0 


7.6 


6 


95 


121 


a 



2.5 


3.8 


5.1 


6.3 


7.6 


i| 


7.0 


8.9 


H 


103 


132 


si 


2.7 


4.1 


S'S 


6.9 


8,2 


ii 


8.1 


10.4 


6 


112 


142 


3 


3-0 


4-4 


5.9 


7.4 


8.9 


i} 


9-3 


11.9 


6| 


121 


^54 


3} 


3-« 


4.8 


^.3 


7.9 


9.5 


2^ 


10.6 


13.5 


7 


130 


165 


i 


3.4 


5.1 


6.8 


8.4 


10.1 


H 


12.0 


15.3 


7- 


^39 


177 


4I 


3.6 


5.4 


7.* 


9.0 


10.8 


4 


13.4 


17. X 


7 


149 


190 


4 


3.8 


5-7 


7.6 


9.5 


U.4 


4 


15.0 


19.1 


7f 


159 


203 


4} 


4.0 


6.0 


8.0 I 


0.0 


12.0 


H 


16.7 


21.1 


8 


170 


216 


5 


4.2 


6.3 


8.4 1 


0.6 


12.7 


a 


18.3 


23-3 


H 


180 


230 


5 • 


4-4 


6.7 


8.9 I 


i.i 


13-3 


2 


20.1 


25.6 


8 


192 


J44 


5 • 


4.6 


7.0 


9.3 » 


1.6 


13.9 


2f 


21.9 


27.9 


s} 


ao3 


258 


si 


4-9 


7.3 


9.7 I 


2.1 


14.6 


3 


23.9 

28.0 
30.2 


30.4 

33.0 

38.5 


9 

9i 

9 
9} 


215 

227 
239 
*5» 


273 

t-Ra 


6 


5.1 


7.6 


101 ] 


2.7 


15.2 


3: 
3| 


209 

305 

3*1 


SHEET HETALS.-Foot Sup. || 


Wire 


Thick- 










9i 

3 


32.5 

34.9 


4L4 

44.4 


10 


»ss 


337 

355 


gauge 


ness. 


Iron 


Coppei 


r.Brasi 


LMd. 


No. 


his. de< 


B. lbs. 


lbs. 


lbs. 


lbs. 


3 


37.3 


47.5 


10 


29* 


37a 




1 


40 


45-* 


043.3 


60. 


3* 


39-9 


50.8 


io| 


306 


390 




7-8 


35 


39.5 


537.8 


S^'S 


4 


42.5 


64.1 


u 


321 


409 




3-4.7 


530 


33.9 


032.4 


45. 


4^ 


45-* 


57.5 


lli 


336 


4*7 




5-8 


*5 


28.2 


5*7.c 


37.5 


4: 


48.0 


61. 1 


II ■ 


351 


447 




1-2.5 


020 


22.6 


021.6 


30. 


4} 


50.8 


64.7 


III 


366 


i66 




7-16 


«7.f 


19.7 


718. s 


26.25 


H 


53.8 


68.4 


12 


382 


486 


z 


3-8 
5-16.3 


15.C 
012. < 


16.9 
14. 


516.2 
513.8 


"•5 
18.75 


4 


56.8 


^^^ 


13 


447 


ir 


2 


.2 


9 12. a 


'3* 


J 13.3 


18.3 


4 


60.0 
63.1 


76.3 
80.3 


14 
'5 


515 
596 


661 
758 


t 

7 
8 

10 
11 
12 


1-4.2 
.2 

3-16. I 
.1 

1-8 !i 
.1 


510.C 
1 8.3 
9 7.£ 
7 6,6 

3 S'S 
I 5.C 
I 4-3 


*ii. 

9- 

8. 

7- ' 
6. 

5. 
4. 


3»o.8 

* !'5 
5 8.1 

^ 7.1 
I S'9 
^ S'4 
3 4.6 


15. 
12.45 
11.25 
9.90 
8.25 
7.50 
6.6s 


WEieHT OF CAST IBOK BALLS. | 




Weight. 


Slxe. 


Weight. 


IDB. 


Its. 


ins. 


lbs. 




0.136 


6 


29.50 


H 


.0 


8 3.a 


3- 


5 3.4 


4.80 




1. 10 


7 


47.00 


16 


i-i6.o< 


S z.s 


2. 


8 2.7 


3-25 




3.70 


8 


70.00 


18 


.0 


5 1.9 


2. 


r 2.0 


2.85 




8.70 


9 


100.00 


20 


.0 


J 15 


I. 


^ 1.7 


2.25 




17. 10 


10 


137.00 


22 


1-3* 


1 2 


1. 


5 1.4 


1.80 
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SUSPENSION BRIDGES.— Table 22 



LEVOTH AHD TEHSIOV OF CHAINS. 

with Wbcb and OosIbmi of the Anglmu of Direction fOr slTon 
Doflectioiui. 



Ritie, — ^For Tenrion—Mnltiply the total weight to be suspended by the 
fiustor opposite the deflection or Tersed sine of the Chains ; the product is the 
total tension at the middle, or point of suspension, as may be required. The 
use of the other columns are obvious. 



Aniclest 

Point of 

Suspension. 


Versed sine 

or 
Deflection. 


Length of 

Chain, 
Chord Une 
being Unity. 


Tension at 
the Middle 
v» eight sus- 
pendedbeing 
Unity. 


Tension at 
each p int of 
Suspension. 
Weight sus- 
pended being 
Unity. 


Sine of the 
Angle at 
Point of 


Cosine of 

Angle at 

Point of 

Suspension. 


5.. 43 


1.40th 


, , 


4-995 


5.200 


0.0996 


0.9950 


11. .19 


I -20th 




2.485 


^.536 


0.1962 


0.9805 


13. .5* 


1.16. z8 


1. 012 


2.003 


2.080 


0.2396 


0.9708 


H'-SS 


i-i5th 


1. 015 


1.877 


1.943 


o.i574 


0.9663 


15. .57 


i-i4th 


1. 018 


1.753 


r.823 


0.2747 


0.9615 


17.. 06 


i-i3th 


I.020 


1.625 


1.700 


0.2940 


0.9558 


18. .33 


I- 1 2th 


1.0246 


1.490 


1.572 


0.3181 


0.9480 


19. .59 


1-1 ith 


1 .0288 


".373 


".463 


o.34«7 


0.9398 


21.. 48 


x-ioth 


1.0349 


1.252 


1.349 


0.3714 


0.9285 



OEHERAL BULES FOB CATENABT CUBVES. 

3b find angle qf direction (x) qf curve at point of suepeneionf wKen the 
chord line and yersed sine are given ? 

2 y. sine 

"°* ®' '= ^(2 y. sine'+semichord') 

7b JInd the tennon at each point qf nupension (T) when the angle of 
direction (x) at such points is given ? 

__ Total weight suspended. 



7b Jfnd the teneion at the loweet point of the curve (/) when the 
of direction {x) at the point of suspension is given ? 

t = i the weight suspended x cosine x 



NoTB. — ^For an easy rule, although not precisely accurate, take — 
t =chord X weight 

8 y. sine 

Horizontal pull on the pointe qf tutpenaons^T^ eoeine x i therefore if 
chains are unbalanced, this will represent the tendency to upset the towers ; 
and if the chains pass back at an unequal angle, the difference of the cosines 
of the angles of direction is the measure of resistance on each. 

Vertical pressure on the pointe of suspension —T x sine x. This pressure is 
additive in any case, for both sides of the point for the tension on the backstay 
must balance the main chains, the difference of pressure on each side is there- 
fore only as the sine of the angle x, — (Drewry^ on S, Bridges.) 
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ROOFS AND LOCK GATES.— Table 22a. 




TEV8I0V OS THEXrST OF S00F8, fto. 

Tablb of the Propordonal Tension of b o^ the angto bag. and the rened aine A d beiiw 
glTen ; taking the wel^t on ▲ b and ▲ o aa unity for the tension, and the length 
B c aa vaitf for the length of ▲ d. 



Subtended 


Pitch 






Pitch 






Piteh 




Angle. 


or 
V. Sine. 


Tension 


Angle. 


or 
y. Sine. 


Tension 


Angle. 


or 

V.Sine. 


Tension. 


BAG 


▲ D 


BO 


BAG 


▲ D 


BG 


BAG 


▲ 


BO 


Deg. Mln. 


BMe-iI.OWt«lM 


Deg. Mln. 


Bm*-IJ) 


Wl.— L« 


Deg. Min. 


BMe-W 


Wt.«l.€0 


179. ]0 


.ooa 


114.9 


17a 00 
169. JO 
169.00 
168.30 


.041 


S'76 








179.00 
178.10 


:^ 


SI? 


.046 
.048 


J. 49 
5*4 


156. 
15J. 


.106 
.110 


tn 


178.00 


.008 


A 6s 


.050 


5.01 


"54- 


.115 


a.a8 


177. JO 


.011 


az.93 


168.00 


.05* 


4.81 


151. 


.lao 


a. 10 


177.00 


.OIJ 


19. 12 


167.30 


.054 


4.6a 


151. 


.1*4 


a.ij 


176.10 


.015 


16.39 


167.00 
166.30 


.057 


Vd 


151. 


.119 


x.a6 


176.00 


.017 


■4.35 


:S? 


150. 


."14 


a.oo 


175.10 


.019 


".75 


166.00 


4.11 


MJ. 


."57 


".74 


175.00 


.out 


11.48 


165.10 


.063 


'^H 


140. 


.181 


1.55 


174. JO 


:a 


10.44 


165. 


.065 


115. 


.to7 


1.41 


174.00 


9.57 


164. 


.070 


J.6j 


IJO. 


.»11 


l.JO 


173.10 


.oa8 


8.83 


16,. 


.074 


3.41 


1*5. 


.260 


i.aa 


171.00 


.030 


8.XO 


161. 


:3? 


l.ai 


lao. 


.188 


1.15 


17X.30 


.03* 


7.66 


161. 


3.07 


115. 


.li« 


1. 10 


17&.00 


.035 


7.18 
6.76 


160. 


.088 


a.9ft 


no. 


.350 


1.06 


171.30 


.017 


:ii: 


.09a 




105. 


.J8l 


l.OJ 


171.00 


.039 


S:S 


.097 


a. 67 


100. 


.419 


1.01 






157.. 


.101 


a.56 


_£:. 


_J00 


1.00 



sntADT a:hi> dimehsioss op lock gates. 

Tabls of Transrerse Strain from Pressare of Water, upon 3 feet depth of Surface, at the 
stated heads; with the dimensions of square oak timber necessary to bear three 
times such strain; the Oatea being placed at an angle of IV*.^, 




Digitized by VjOOQIC 



44 







CAST IRON 


BEAMS 


.—Table 23 








TABLE OF SAPE LOAD, | 




IV BQUALLT J>Ii 

For Bmube 






ui e to le Inches deep. | 




or bridge, and tbe greatMk load, dae to sach area, all in cwts. ; find the nearest 
















IMe,—¥loon durald generaDy be reckoned to carry iJi cwts. per fiwt saperfldal. 




inctodloff their own weight. 




RoadBildges h .. m 5.0 cwts. 




Railway Bridget „ n „ lOO cwts. 




bnt for railway girders of cut iron, beyond 18 foet spaa, only half the tabular munbers 
should be naed. 




Beam 6 InehM deep. 






























iBiMdMT 


4X1 


5x1 


6x1 


8xii 


9x1* 


4x1 


5x1 


6x1 


8xii 


9Xii 




Length, feet 


Cwts. 


Cwts. 


Cwts. 


Cwts 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts- 


Cwts. 




5 


133 


166 


aoo 


333 


393 


IS 


222 


266 


444 


521 




6 


III 


"39 


166 


^ 


326 


"85 


222 


370 


435 




8 


U 


104 


"5 


144 


III 


"39 


166 


277 


335 




10 


83 


100 


166 


"95 


89 


III 


"33 


222 


260 




12 


55 


69 


83 


138 


"63 


l^ 


9* 


III 


"85 


217 




U 
16 


47 
41 


59 


11 


119 
104 


140 


63 

55 


i 


u 


\^ 


{61 




18 


37 


46 


55 


9» 


108 


49 


62 


74 


I2J 


"44 




Beam 10 indiei deep. 


^^^'^ 1 




iMUMnFluige 


5X1 


6x1 


8xii 


9x14 


lOXlJ 


6x1 


8x1} 


9X1* 


lOXli 


11 X li 




iBinehet. 
























Length, feet. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwta. 


Cwts. 




6 
8 


173 


2 


f4 


391 


578 
434 


333 
250 


jy 


% 


694 
5»" 


1^ 




10 


"39 


166 


X7S 


^3^ 


347 


200 


333 


375 


4"7 


550 




19 


"5 


«39 


ajo 


160 


X89 


166 


*7« 


31* 


347 


458 




U 


g 


119 


198 


MJ 


248 


109 


*»! 


268 


2; 


393 




16 


104 


I7X 


195 


217 


125 


208 


"87 


IS 

275 




18 


25 


11 


;n 


i^ 


"93 

"73 


III 
100 


\u 


2J2 
209 






Beam 16 Indies deep. 1 




























bottom Flaikfe 


8xi4 


9X>* 


lOXli 


iixii 


ixxii 


8xii 


9xii 


10x1} 


iixii 


I2XI| 




iBiaelio. 
























Length, feet. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts 




8 


4«6 


5^Z 


% 


802 


875 


555 


625 


694 


916 


loco' 




10 


389 


X 


64* 


700 


444 


500 


2f 


733 
611 


803 




12 


iU 


^5 


5J5 


584 


370 


4"7 


667 




14 


313 


347 


459 


SOI 


3 "7 


357 


397 


5M 


57» 




16 


*4| 


*74 


304 


401 


437 


278 


3"3 


347 


458 


500 




18 


£l6 


M4 


470 


357 


389 


246 


278 


i^ 


^ 


444 




20 


>95 


*i9 


*43 


3" 


350 


222 


250 


366 


400 




32 


177 


199 


HI 


Z9> 3»8 1 


202 


a»7 


250 


333 


364 




!| 
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CAST IRON BEAMS.- 


-Table 23 








TABLE OF SAFE LOAD. 




For Beams 18 to SO Inehes deep. 




Beam 18 iaehes deep. 


Beam 21 Inehes deep. 




Dtmeniioiu of 
bottom Flange 


9Xii 


EOXli 


ixxxl 


13x1* 


14x14 


10 xx* 


XXX 14 


14x14 


15x14 


16x14 




iaindiea. 
























Length, feet. 


Cwts. 


Cwta. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cw1». 


Cwts. 




10 


S6x 


6x5 


900 


1 

609 


X050 


875 


X050 


XXX5 


X31X 


1400 




12 

14 
16 


4^ 
351 


Si 

390 


g 


875 


s 


875 


xoxx 


1094 

VJ. 


1 167 
1000 

875 




18 


1" 


347 


500 


*i* 


583 


486 


5*1' 


68X 


^ 


778 




30 


z8i 


J IX 


450 


487 


5*5 




5*5 


613 


Iv 




S3 


»56 


2^ 


409 


443 


477 


477 


557 


596 




34 


»?4 


x6i 


375 


406 


437 


437 


510 


547 


583 








DimeasioiM ol 






1 














bottom Flang* 


loXii 


ixxii 


14x14 15x1* 


16x14 


i6xx 1 17x14 


17XX 


I8xx4 


18XX 




ininehM. 






j 




! 










Length, feet. 


Cwts. 


CwtB. 


Cwts, 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 




IS 


83J 


1000 


1166 


1x50 


1333 


1778 


X416 


18 19 


1500 


xooo 




U 


714 


857 


xooo 


1071 


"43 


15x4 


XX14 


1560 


1x86 


17x4 




16 


6zj 


ZI5 


875 


ni 


ih 


'JP 


io6x 


1365 


XIX5 


X500 




18 


555 


666 


777 


889 


;^ IS 


IX13 


1000 


1333 




30 


500 


600 


700 


750 


800 


X09X 


900 


IXOO 




33 


J84 


545 


6|6 


68x 


615 


070 


77X 


99» 


818 


I09I 




* 34 
36 


500 
461 


538 


625 

577 


7H 


s 


010 


P^ 


1000 




88 


H7 


4x8 


500 


535 


571 


% 


780 


643 




80 


333 


400 


467 


500 


534 


711 


7*8 


600 


800 




1 Beam 37 inehes deep. 




DimeBuoiMO^ 












! , 










bottom naage 


I2Xli 


"4 XI* 


14XX 


IS XI* 


isxx 


16x14 i6xx 


17x14 


17XX 


i8xx 




ininebca. 












1 










'Length, feet. 


Ots. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 




i 14 


964 


11*5 


1500 


MOJ 


1607 


1x86 


1714 


1366 


x8xi 


19x8 




18 


740 


863 


1166 


937 


1x49 


1000 


1333 


xo6x 


X416 


1500 




33 


i' 


s 


954 


707 


lOXX 


818 


1091 


869 


5^ 


IXX7 




34 


56* 


875 


70J 


SJI 


750 


1000 


SI 


11x5 




38 


48X 


750 


603 


643 


857 


911 


964 




80 


450 


5*5 


p 


56a 


750 


600 


800 


637 


850 


S? 




33 


4X1 


J^ 


5»7 


70X 


56X 


750 


797 




1 M 


397 


618 




661 


530 706 


750 


794 




36 


375 


^17 


583 


6zS 


500 666 


531 


708 


Ws 




! 40 


337 


388 


5*5 


421 


563 


450 600 


478 


638 




1 Beam 80 inches deep. 




bottom Flug*; 14 xii 


14XX 15x1* 


15XX 


i6xii 


i6xx 


iSxx 


xoxx xxxx 


X4XX 




; ia inchea. 




















Length, feet. 


Cwts. 


Cwts. Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 




18 


971 


ixq6 , 1041 

1060 ; 85X 


1136 


iiii 


1481 


1666 


185* 


X038 


xxxx 




33 


795 


1 


IXIX 


1363 


I5I5 


1667 


I8I8 




34 


714 
61X 


05X 781 
816 , 669 


1041 


IIIX 


1150 


1388 


15*0 


1664 




38 


89X 


679 


V4 


X071 


1190 


1309 


14x8 




30 


571 


761 j 6x5 


833 


1000 


XIXX 


1*45 


1358 




83 


536 


685 551 


780 


6x4 


833 


III 


1040 


"44 


'*^ 




84 


^ 


P' 


589 


783 


979 


1080 


II78 




36 


648 { 5XX 


555 


m 


833 


0x7 


X019 


IIIO 




40 


4*8 


5x9 1 ^ 


6x5 


JOO 


750 


833 


2'7 
833 


1000 




\ 44 


397 


568 


454 


606 


681 


757 


908 
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MABINE SURVEYING.— Tablb 24 



AirOLES 07 THE POprXS 07 THE COMPASS WITH 
THE MXXIDIAH. 





Variation of 1 


M^Mlle needle 1850, latitade 61« = 




Dip. 


- 


= 




north. 


South. 


Points. 


Deg. Min. 


North. 


South. 






Add for i 


2.. 48.. 45 










" 1 


5.. 37.. 30 










n } 


8.. 26.. 15 






N. by W. 

N.N.W. 


S. by W. 




II.. 15 


N.byE. 

N.N.E. 


S.byE. 


S.S.W. 




22. . 30 


S.S.E. 


N.W.byN. 

N.W. 


S.W.byS. 
S.W. 




33.-45 
45.. 00 


N.KbyN. 
NJS. 


S.R by S. 


N.W. by W. 
W.N.W. 


S.W.byW. 
W.S.W. 




56.. 15 


N.K byE. 

KN.E. 


S.E. by E. 
E.SJB. 




67.. 30 


W. by N. 


W.byS. 




78.-45 


R by N. 


E. by S. 


West 


West 


8 


90. . 00 East 


East 



MILES IJf A BEGKEE OF L ONGITU DE AT EVERT 
BEGKEE OF LATTTUBR 



Deffs. 




Dejfs. 




Degs. 




De«8. 




Desfs. 




Deffs. 




l3t. 


lilies. 


Lat. 


MUes. 


Lat. 


Miles. 


Lat 




Lat. 


MQes. 


Lat. 


Miles. 




59.99 


16 


57.67 


31 


51.43 


46 


41.68 


61 


29.09 


76 


H-5a 




59.96 


17 


57.38 


3* 


50.88 


47 


40.92 


62 


28.17 


77 


13.50 




59.9* 


18 


57-06 


33 


50.3* 


4« 


40.15 


63 


27.24 


78 


12.47 




59.85 


19 


56.73 


34 


49.74 


49 


39.36 


64 


26.30 


79 


11.45 




59-77 


20 


56-38 


35 


49.15 


50 


38.57 


65 


25.36 


80 


10.4Z 




59.67 


21 


56.01 


i6 


48.54 


Kl 


37.76 


66 


24.40 


81 


9.39 




59.55 


22 


55.63 


37 


47.92 


5* 


36.94 


67 


23 -44 


82 


8.35 


8 


59 -4* 


^3 


55 '^i 


38 


47.28 


53 


36.11 


68 


22.48 


83 


7.31 


9 


59-26 


24 


54.81 


39 


46.63 


54 


35.^7 


69 


21.50 


84 


6.27 


10 


59-08 


25 


54.38 


40 


45.96 


55 


34.4' 


70 


20.52 


85 


5.^3 


II 


58-89 


26 


53-93 


41 


45.28 


56 


33.55 


71 


19.53 


86 


4.19 


12 


58.68 


27 


53-46 


4* 


44-59 


57 


32.68 


72 


18.54 


87 


3.14 


13 


58.46 


28 


5^-97 


43 


43.88 


58 


31.80 


73 


»7.54 


88 


2.09 


14 


58-" 


^9 


52.47 


44 


43.16 


59 


30.90 


74 


16-54 


89 


1-05 


15 


57-95 


30 


51.96 


45 


42.43 


60 


30.00 


75 


15-53 


90 


0.00 



&48$6 miles 

79»" » 
zooziiSofeet 

00750.0 
1. 15068 to I 
39.01326 Ins. 
39.11820 .. 
39.1393 Ins. 
39.1555 »; 
3X. 1948 feet 



32.2041 
365. 



141x45 days = 



mean clrcnmfei-ence of Earth. 

„ diameter of Earth, 
radius of the Equator, 
polar semi-axis. 

length of Gec^. or nautical mile, 
ratio of nautical to English mile, 
length of pendulum at the Equator. 

„ at latitude 46. 

length of pendulum at London. 

„ „ Edinburgh, 

force of gravity at London, In feet per second. 

„ M Edinburgh m m 

tropical year. 
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MARINE SURVEYING.— Table 24a,b, o. 



Table 24a. 

VELOCITT AND PRESSURE OF 
THE WIN 11. 



Table 24b. 
For finding the Hiiglit 
of Tide at nnyporiod 
after High Water. 



Feet 
V Min. 



MUes 
^Hoor. 



Force in lbs. 
on Sq. Foot. 



DsscmiPTioii. 



Tlmibfrma. 
Hf^h Water. 



Multiplier. 



88 

55^ 
440 
880 

1760 
2640 
3080 
3520 
3960 
4400 
5i8o 
7040 
8800 



4 

5 

10 

»5 

20 

30 
35 
40 

45 
50 
60 
80 
100 



.005 

.079 J 
0.1235 

0.492) 

1.107J 

1.970 

4-4*9 i 

6.0Z7J 

7.870) 

9.9605 

12.300 

16.710 

31-490) 

49.2005 



Hardly perceptible. 
Gkntle wind and 
breexei; 

Good breeze. 

Brisk gale. 

High winds. 

Very high. 

Storm. 
Great storm. 

Hurricane. 



Honn. Min. 
o .. 00 



30 

00 

30 
00 

30 
00 

30 
00 
30 
00 
30 



1.000 

.975 
.916 

.841 

•741 
.625 
.500 
.375 
.258 
.158 
.083 
.025 



TIDES occnr twice in erery 14 hoars and 50} 
minutes. When a place is on the same side of the 
Equator as the moon, the Tide which is produced, while 
the moon is <Utove the horizon, is greater than wtiile the 
moon is under the horizon of the place. When a place 
is on the opposite side of the Equator to the moon, the 
effect is reversed. In Midsummer, the afternoon Tides 
are higher than the morning Tides. In winter the morn- 
ing Tides are highest 



ii«2^.— Multiply the range 
of Tide for the day by the 
Factor opposite the hour at 
wtiich the height is required. 

Bxample.— The total rise 
of Tide at Limehouse, on 
the ixth of April, was A0.4 
feet ; High Water made at 
ip.m: what was the height 
of Tide at 4 p.m.? 
20.4x74=15.11 feet. 



Table 24 c. 

SHOWINO THE LENGTH IN FEET OF ON E MINUTE 
OF LONGITIJDE AND LATITUDE, 

Being One Nantio Mile. 

Note.— To obtain the number of miles in a degree, at any latitude or longitude, multi- 
ply the tabular numbers by 60, and divide by 5180 ; thus, at the Equator, the length of 
a degree is 69. 15 miles. 



TAtl- 


Mhiute of 


Mhiute of 


Lati- 


Minute of 


Minute of 


Lati- 


Mtaiuteof 


Minute of 


tnde. 


Longitude. 


Latitude. 


tude. 


Longitude. 


Latitude. 


tude. 


Longitude. 


Latitude. 


Deg. 


Feet. 


Feet 


Deg. 


Feet 


Feet. 


Deg. 


Feet 


Feet 





^^'l 


6085.20 


11 
IJ 


4990.2 


6105.0 


53 


1670.2 


6124.8 


X 

i 


6081.6 

6070.2 




^1 




54 


3585-0 
3498.0 




6052.2 




4801.2 




J410.4 




8 


6026.4 




39 


4735.* 




u 


1322.2 




10 


5993-4 




40 


4668.0 




3232.2 




12 


5955. 1 


6087.78 


41 


4457-4 
4384.2 


6ni.6 


u 

61 
62 


3 141. 6 


.6130. 1 


18 


57«9-4 
57*1.6 

5645.4 




4» 
43 

44 




3050.4 




20 

22 




^ 


4309.8 
4»34.a 




SJ 


S??:J 




^ 


5562.0 
5472.6 


6095.22 


S 


4157-4 
4079-4 
3999-6 


6118.2 


u 


1J7«.» 
148*.* 


61J5.6 


28 


5177.* 




49 




s 


2S:i 




to 


5274.0 




50 


J919.2 
3837.0 






l» 


5165.4 




51 




69 


2187.0 




U 


5050.2 




5* 


3754.* 




70 


2087.4 
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MOUNTAIN BAROMETER.— Table 26 



1 

TABLE B. 




TABLE 


. • 1 


mibra&oe of T«mp«ratiirt. 


For zedvetion to Freodng P<diit || 


! 










Corraetfona for the Barometer at II 


Dur.oi 


Correc- 
tiona. 


Diff.of 
Temp. 


Corroo- 
tiona. 


Temp. 




il 




















STIncbea. 


S8 Inches. 


89Inebe8. 


ao Inches. 


Cent. 




Gent. 




Fah. 










degs. 


Cset. 


dega. 


feet 


dega. 


Inch. 


inch. 


inch. 


Inch. 


0.5 


2.46 


10.5 


50.69 


3» 


.0086 


.0088 


.0091 


.0094 


l.O 


4.9a 


11. 


53.15 


34 


.0134 


.0138 


.0143 


.0148 


'•5 


7.21 


11.5 


55.44 


36 


.0183 


.0188 


.0194 


.0201 


2.0 


9.5» 


12.0 


57.74 


3« 


.0231 


.0238 


.0246 


•0255 


a-5 


11.97 


12.5 I 60.20 


40 


.0279 


.0288 


.0298 


.0309 


3.0 


14-43 


13.0 62.66 


4* 


.03*7 


.0338 


.0350 


.036^ 


3.5 


16.89 


13.5 65.12 


44 


.0375 


.0388 


.0402 


.0416 


4.0 


»9.35 


14.0 67.58 


46 


.0423 


.0438 


.0454 


.0470 


4-5 


21.81 


14.5 70.04 


48 


.0471 


.0488 


.0506 


0523 


5-0 


24.27 


15.0 72.50 


50 


.0519 


.0538 


.0558 


.0577 


5.5 


16.57 


15.5 74-80 


5* 


.0568 


.0588 


.0609 


.0630 


6.0 


28.87 


16.0 77.10 


54 


.0616 


.0638 


.0661 


.0684 


6.5 


3»-33 


16.5 79-56 


56 


.0664 


.0688 


.0713 


.0738 


7.0 


33-79 


17.0 82.02 


58 


.0712 


.0738 


.0765 


.0791 


7.5 


36.25 


17.5 84.48 


60 


.0760 


.0788 


.0817 


.0845 


8.0 


38-71 


18.0 86.94 


62 


.0809 


.0838 


.0868 


.0898 


8.5 


41.00 


18.5 89.40 


64 


.0857 


.0888 


.0920 


.0951 


9.0 


43-30 


19.0 91.86 


66 


.0906 


.0938 


.0971 


.1005 


9.5 


45.76 


"9-5 94-3* 


68 


.0954 


.0988 


.1023 


.1058 


10. 


48.22 


20.0 96.78 


70 


.1000 


.1037 


.1075 
.1126 


.1112 


Tkble A can be appUed to any ba- 


rometer, deducting the number for 
the temperature from the obtenra- 


7* 


.1049 


• I ©87 


.1165 


74 


.1097 


.1137 


.1178 


.I2l8 


tions for heights. 
TftUe B ffives the amount to be 


76 
78 


.1146 


.1187 
.1237 


.1229 
.1281 


.1272 


dedueud from the height, according 


.1194 


.1325 


to the dlflbrence of the attached 


80 


.124! 


.1286 


.1332 


.1378 


thermometers-or to be added, if the 


82 


.1289 


.1336 


.1384 


.1432 


the lower. For correction due to ex- 


84 


.'338 


.1386 


.1435 


.1485 


pansion of air, &c. see ** Rnles." 


86 


.1385 


.1435 


.1486 


.1538 


Table C gi^ea the amount to be 


88 


-»433 


.1485 


•^538 


•1591 


added for gravity k centriftigal force. 


90 


.1482 


.1535 


.If 89 


.1644 




TAB] 


:£ c. 




Gravity 1 

OOMIB 


ind C< 

CriONB 


antriAigal Horoe. 

TO »m ADDBD. 




Latitude. 


tolO** 


15'' 


20* 


26* 


80* 36" 


40* 


46* 


60* 


66* 


Approx. height 










i 










feet. 


feet. 


feet 


fbet 


feet. 


iiset. ! feet. 


fbet. 


feet. 


feet. 


feet. 


600 


3-9 


3.3 


i'^ 


l'^ 


2.6 2.6 


1.9 


1.9 


1.9 


1-3 


1300 


7.9 


7.i 


6.5 


6.5 


5.9 5.6 


4.6 


3.9 


3 3 


2.6 


2000 


II. 1 


10.5 


9.8 


9-2 


8.5 7.9 


6^5 


5.9 


5.2 


3.9 


2600 


14.7 


14.1 


14.0 


12.4 


11.5 10.2 


6.Z 


7.8 


6.«; 


S'S 


3300 


20.1 


'7-5 


»7.3 


15.7 


14.1 12.4 


11. 1 


10. 1 


8.5 


7.* 


400c 


22.9 


20.9 


>9-7 


19.0 


16.7 15. 1 


13.7 


II. 8 


10. 1 


8.5 


4600 


26.9 


24.9 


13-3 


22.0 


20.0 17.7 


'5.7 


13.7 


11.8 


9.8 


5300 


30.2 


28.9 


26.9 


24.9 


22.9 20.3 


18.3 


15.7 


14.0 


11. 1 


5900 


34- » 


3*.' 


30.8 


38.2 


26.2 22.9 


2C.6 


17.7 


15.1 


12.4 


6600 


37-7 


36.1 


34.1 


3».5 


28.9 25.7 


22.9 


19.7 


17.3 


X3-7 
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MOUNTAIN BAROMETER.— Tablb 85 a 



TkbleO. 

TABLS OF THE ELASnC FOBGE OF MtTEOITS YAFOUB, 

WITH TBM WXIOHT, IIT aSAXm XBOT, OV ▲ CUBIC FOOT, 

At the following Temperatures of tbe D«w Point, in Degrees Fahrenheit 



Temp. 


<j^2» 


Weight in 


Temp. 


f 

Dew 


Gms. Troy 
of Cub. Ft. 


of 
Dew 


Point. 


of Vapour. 


Point. 


Fab. 


Inches. 


Grains. 


Fah. 


5* 


.074 


0.93 


31* 


ID 


:^ 


i.ii 


3* 


IX 


1:11 


33 


M 


.104 


34 


\i 


.108 


I.JX 


'5 


.IIX 


"•37 


36 


>7 


.116 


1. 41 


37 


i8 


.1x0 


"•47 


3» 


>9 


.1X5 


'•^S 


39 


zo 


.1X9 


i.|8 


40 


XI 


.134 


i.6j 


41 


XX 


.139 


1.69 


4» 


*l 


.144 


^•z* 


43 


M 


.150 


I.8I 


44 


u 


:;if 


1.87 
1.93 


1? 


*z 


.167 


x.oo 


^Z 


x8 


•i73 


X.07 


4« 


*9 


::il 


X.I4 


49 


JO 


X.XI 


50 



Force of 
Aqueous 
Vapour. 



Weight hi 
6ms. Troy 
of Cub. Ft. 
otYupoax. 



Temp, 
of 

Dew 
Point 



Force of 
Aqueous 
Vapour. 



Weight in 
6ms.Tro3r 
ofCub. Ft 
of Vapour. 



Inches. 
0.19X 

•"99 
.X07 
.X14 

.XXX 
.XJO 

.X74 
.x8| 
.291 
.304 

•337 
.349 
.361 

.373 



Fah. 
51* 
5* 
53 
54 

U 

57 
58 

6x 

^ 

68 

70 
7X 



Grains. 

5.0* 
5.18 
5.34 

1% 

1:?, 

6.65 
7.08 

8.00 
8.50 
9.04 
9.60 
10.19 
10.81 



Table F. 

GOBBECTIOK8, 

To be added to the Kerenri^l Colvnui 

for Capillaxy Attraotion. 



Table R 

DBT Am) WET BULB THEB- 
M0METEB8. 

Factors for deducing the Dew Point ftom 
the Temperature of Eraporation. 



Diam. 



Correction 



Inch. 
.10 

.IX 

:1^ 

.18 

.xo 

_**5 



Inch. 
.140 
•"3 
.094 

:3I 

.058 
.041 



Diam. 
of Tube. 



Correction 



Inch. 
.30 
•35 
.40 
•45 
.50 



B of the Dry Bulb 
Thermometer. Fah. 



Inch. 
.0x9 
.0x1 
.015 
.011 
.008 
.006 
•004 _ 



Between x8* and X9* 



Note.— Tbi» correction is practically un- 
necessary, excepting for scientific reduc- 
tion of obbervations. 

llountain Barometers, when varying in 
^e, when used for simultaneous obser- 
vations, diould have their comparative 
errors determined by inspection. 



*9 
30 
31 
3» 
33 
34 
35 
40 
45 
50 

H 



30 
31 
i* 
33 
34 
35 
40 
45 
50 

II 

IS 



Factor. 



5.7 

4.6 
3.6 
3.1 
X.8 
X.6 
^•4 
»-3 
x.x 

!:i 

»»7 



Bole for Table D. 
This Table shows the amount to be de- 
ducted firom the mercurial column, to 
obtain the true pressure of dry air; the 
dew point having been previously com- 
puted by Table £, from observations of the 
ordinary dry and wet bulb thermometer. 

Example, 

The Barometer stands at 29*%75 

\> hen the dew-point, by calculation, 
is 16. X*, the pressure ss 117 

True pressure of air = X9. 158 



Bnle for Table E. 
Multiply the dilference between the two 
thermometers by the factor corresponding 
to the temperature of the dry bulb ther- 
mometer; the product, subtracted £rom 
the latter, gives the temperature of the 
dew point. 

Sxtunple. 
Dry bulb thermometer s 66* 
Wet bulb thermometer s 57 

Difference as 9 

Factor fbr 66* .. = i.l 

Product.... SB16.X 
66^— i6.a» 8s 49.8» temp, of dew point 
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CIRCLES.— Table 26 



ABEA AHB CIBCXrMFEBEVCE OF CIBCLES. 



DUm«teni.l to 43. 



The Square Rot4 of aat^ Area it the aide o/ an equioatetti Sgmare. 



DUm. 


Area. 


Circam. 


Diam. 


Area. 


Circain. 


DLun. 


Area. 


Circnm. 








13.X5 


137.88 


41.6* 


X8.X5 


626.79 


88.75 








13.5 


143.14 


4X.41 


X8.5 


637.94 


89.53 


• X 


0.007 


•F 


"3.75 


148.49 


43.19 


X8.75 


^;n 


90.3a 


•x 


O.OJI 


.6x 


14. 


IS3.94 


43.98 


19. 


91.10 


• J 


0.070 


.:S 


14. IS 


1S9.48 
165.13 


44.77 


X9.X5 


|;:S 


91.89 


.4 


0.1x5 


14.5 


45.55 

46.34 


X9.5 


92.67 


:l 


0.106 


"57 


14.75 


170.87 


«9.75 


^^ 


93.46 


o.xix 


1.88 


15. 


176.71 


47. IX 


JO. 


94.X4 


:i 


0.384 


x.xo 


15.X5 


182.65 


47.90 


30.X5 


718.68 


95.0J 


o.cox 
0.636 

.7854 


X.5I 


15-5 


188.69 


48.69 


30.5 


730.61 


95.81 


t<8) 


X.8X 

3.I4I6 


r* 


194.82 
X01.06 


49.-^ 
50.26 


&'' 


741.64 
754.76 


96.60 
97. J« 


I. IS 


I. XX 


3.9» 


I6.X5 


X07.39 


51.05 


31.X5 


766.99 


u 


1.5 


1.76 


4.7' 


16.5 


X13.8X 


51.83 


31.5 


779.31 


«.7J 


X.40 


5-49 
6.X8 


16.75 


X20.J5 


SX.6X 


J1.75 


Wi 


99-74 


X. 


3. '4 


'7. 


X16.98 


53.40 


3X. 


100.53 


*.*s 


3.97 


7.06 


17. X5 


X33.70 


54.19 


32.25 


10X.31 


x.S 


4.90 


7.85 


»7-5 


X40.5X 


54.97 
55.76 
56.54 


32.5 


855.X9 


102. 10 


I:" 


?:S 


8.63 
9.4X 


fi:" 


x64!47 


&" 


102.88 
103.67 


3.Z5 


8.X9 


lO.Zl 


18.15 


266.58 


57.33 


33.15 


868.30 


104.45 


{•5 


9.6X 


10.99 


18.5 


X68.80 


58.11 


33.5 


881.41 
894.61 


105. 24 


J -75 


IX.04 
XI. 56 


11.78 


18.75 


176.11 


58.00 
59.69 

60.47 


33.75 


106.02 


4- 


12.56 


19. 


483.53 


34. 


907.9* 


106.81 


4*5 


14. X8 


XJ.3S 


19.15 


291.04 


34.25 


9Z1.31 


107.59 
108.38 


45 


15.90 


14.14 


19.5 


298.64 


61.26 


34.5 


934.8X 


J:" 


I7.7X 
19.63 


14.92 
15.70 


'isi' 


306.35 
314.16 


62.04 
62.83 


SJ:" 


9I8.41 
96x.11 


109.17 
109.95 


5.»5 


^^■^ 


16.49 


to. IS 


322.06 


63.61 


35.^5 


975-90 


110.74 


5'5 


17.X8 


20.5 


330.06 


64.40 


35.5 


989.79 


111.52 


6.15 


X5.97 


18.06 


20.75 


338.16 


65.18 


35.75 

36. 

36.X5 


1003.78 
1017.87 
X03X.06 


112.31 


X8.X7 
30.68 


18.85 
19.63 


21. 
21.25 


346.36 
354.65 
363.05 


1" 


;:i:3 


6.5 


«.I8 


X0.4X 


21.5 


%:li 


J6.5 


1046.34 
1060,73 


114.66 > 


6.75 


35.78 


XI. 20 


21.75 


371.54 


1^:^^ 


115.45 


7. 


38.48 


"99 


22. 


380.13 


69.11 


1075.X1 


116.X3 ; 


7.X5 


41.X8 


aj'56 


XX. 25 


388.82 


^:S 


J7.»5 


1089.79 
1104.46 


1 17. ox 


7-5 


44.17 


XX. 5 


397.60 


37.5 


117.80 
118.59 
119.38 


I?' 


50. x6 


a4.34 


XX.7S 


406.49 


71.47 


37.75 


1119.X4 


X5.13 


13. 


415.47 


72.25 


H' 


1134.11 


8.X5 


56!74 
60.13 


25.9* 


23.25 


4M.55 


73.04 


38.25 


11J9.08 
1164.15 


120.16 


8.5 


X6.70 


23. 5 


433.73 


73.82 


38.5 


120.95 


8.75 


17.49 
X8.27 


iV7S 


443.01 


74.61 


I's" 


1179.31 


1*1.73 


9. 


63. 6x 


24. 


452. J9 


75.39 


"94-59 


122.52 


9.*5 


67.20 


19.06 


X4.X5 


461.86 


76. 18 


39.X5 


1209.95 


123.30 


9.5 


70.88 


29.84 


X4.5 


471.43 


76.96 


39.5 


1225.41 


124.09 1 


9-75 


74.66 


30.63 


X4.75 


481.10 


77-75 


39-75 


IZ56.63 


124.87 


10. 


78.54 


31.4a 


25. 


490.87 


78.53 


40. 


125.66 ■ 


10.25 


8X.5X 


32.20 


25.25 


500.74 


79.32 


40.15 


1272.39 


1*6.44 , 


10.5 


86.59 
90.76 


32.98 


25.5 


510.70 


80.11 


40.5 


1288.24 


127.23 


10.75 


33.77 


^5:75 


520.76 


80.89 


£" 


1304.20 


128.01 


u. 


95.03 


34.55 


26. 


530.93 


81.68 


13x0.25 


128.80 ; 


ii.*5 


99.40 


35.34 


26.25 


541.18 


82.46 


41.25 


1336.40 

1352.65 


1*9.59 1 


II. 5 


103.87 


36.13 


26.5 


551.54 


83.25 


41.5 


130.37 . 


11.75 


108.43 


36.01 


26.75 


562.00 


84.03 


41.75 


1368.99 


131.16 


12. 


;;i:2 


A 


27. 


57a. 55 


84.82 


42. 


1385.44 


131.94 


ix.*5 


17.15 


583.20 


85.60 


42.25 


1401.08 
1418.6X 


U*.73 1 


IX. 5 


12X.7X 
1x7.67 


39. »7 


*7.5 


593.95 


86.39 


4X.5 


133.51 1 


1X.75 


40.05 


S:75 


604.80 


87.17 


&" 


1435.36 


134.30 


13. 


i3a.73 


40.84 


28. 


615.75 


87.96 


145*. ao 


135.08 
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CIRCLES.— Table 26 



AREA Al 


D 

•are Root 


[ECXr 

Uan€te 

0/ any A 


mfeb: 


BNCE OF CIBCLE8. 

1 to lOO. 

idet^fan equivalent Square. 


TheSqt 


rs 43.aj 


rea it the » 


Diam. 


a™. 


Cincum. 


Diam. 


Area. 


Ciri:UJD. , 


DLun. 


Area, 


dream. 


43*^5 


1469.11 


135.87 


58.25 


2664.90 
2687.82 


182.99 


73.25 


4214.10 


230. 12 


43*5 


1486.16 


136.65 


58.5 


183.78 


73.5 


4242.01 
4271.82 


230.00 
231.69 


41*75 


150MO 


"37-44 


58.75 


2710.85 


184.56 


73.75 


44* 


1520.53 


138.23 


59- 


2733.97 


185.35 
186.13 


74. 


4300.84 


232.47 
233.26 


44*^5 


1537.85 


139.01 


59*25 


2757.18 


74.25 


43x9.94 


44*5 


1556.28 


139.80 


59*5 


2780.50 
2803.92 


186.92 


74.5 


M 


234.04 


44*75 


1572.80 


140*58 


59.75 


'JZ-7" 


74.75 


234.83 


45* 


1590*43 


141-37 


60. 


2827.43 


75. 


4417.86 


235.61 


45*^5 


1608.15 


142.15 


60.25 


2851.04 


189.28 


75.25 


4447.36 


236.40 


45*5 


all 


142.94 


60.5 


2922.46 


190.06 


75.5 


4536.45 


237.19 


&!' 


143-72 
144.51 


6L 


190.85 
191.63 


W' 


l^^ 


4^*5 


1680.01 
1698.22 


lil:S 


61.25 
61.5 


2946.47 
2070.57 
2894.77 


192.42 
193.20 


76.5 

77. 


*Sit 


240.33 
241.90 


46.75 


1716.53 


146.86 


61.75 


»93.99 


77*5 


FF 


243.47 


47* 


1734.94 


147.65 


62. 


3019.07 


194.77 
195.56 
196.34 


7!- 


248.18 


1 s:r 


1753.45 

1772.05 


148.44 
149.22 


62.25 
6Z.5 


IX$ 


78.5 

79* 


4839.81 
4901.66 


1 &." 


1790.75 


150.01 


li-75 


3092.55 


197.13 


W 


4961.91 


249.75 


1809.55 


150.79 


68. 


3117.24 


197.92 


5006.54 


251.32 


48.X5 


1828.45 


151.58 


63.25 


3142.03 
3166.92 
3191*90 


198.70 


80.5 


5089.57 


252.80 
254.46 
256.03 


4J.5 

48.75 


;IS:S 


152.36 
153-15 


63-5 
63-75 


199.49 

200.27 


81. 
81.5 


r^ifr 


49* 


1885.74 


153.93 


64. 


3216.99 


201.00 


82. 


5281.01 


257.61 


1 49-^5 


1905.83 


154.72 


64.25 


3242.17 
3267.45 


201.84 


82.5 


5345.61 


259.18 

260.75 


^ 49-5 


1924.42 


155.50 


64-5 


202.63 


V- 


5410.60 


i W.' 


19^3.90 
1963.49 


156.29 
157.07 


^J' 


3292.83 
3318.30 


203.41 

204.20 


&' 


5475.99 
5541.70 


262.32 
263.89 


I 

i 50.15 
50.5 


1983.17 

2002.96 


\%t 


65.25 
65.5 


3343.88 
3369.55 


204.98 


84.5 


5607.93 
5674.50 


265.46 


50.75 


2022.84 


159-43 


65.75 


3395.32 


Sl-* 


^;:g 


51. 


2042.82 
20^.89 


160.22 


66. 


3421.19 
3447. «6 


207.34 


86. 


270.17 


51.25 


161.00 


66.25 


208.13 


86.5 


5876.54 
5944.67 
6013.20 


271.74 


51*5 


2083.07 


161.79 


66.5 


3473.22 


208.91 


!7- 


*73.3i 


&!' 


2103.34 


Zll 


^.75 


3499.39 


209.70 


&* 


m 


2123.71 


67. 


3525.65 


210.48 


88. 


6082.12 


52. X5 


21X».l8 

2164.75 


164.14 


67.25 


3552.01 


211.27 


88.5 


6151.43 


278.03 


52*5 


164.93 


67.5 


3578.47 
3605.02 


212.05 


89. 


6221.13 


279.60 


5**75 


2185.41 


166.50 


67.75 


212.84 


89.5 


6291.23 
6361.72 


281.17 


53. 


2206.18 


68. 


3631.68 


213.62 


90. 


282.74 


51*25 


2227.04 


167.28 
168.07 


68.25 


3658.43 


214.41 


90.5 


6432.60 


284.31 


53*5 


22i|8.0D 


68.5 


3685.28 


215.19 
2i5.S^ 
216.76 


91. 


6503.88 


285.88 


&" 


2290.22 


168.86 
169.64 


69. 


3712.23 
3739*28 


Si? 


IS^'ii 


287.45 
289.02 


54*25 


2311.47 


170.43 


69.25 


3766.42 
3793.06 


217.55 


92.5 


6720.06 


290.59 
292.16 


54*5 


2332.82 


171.21 


69.5 


218.34 


93. 


SS:n 


54.75 


2354.28 


172.00 


69.75 


3821.01 


219. 12 


93.5 


293.73 


55. 


2375.82 


172.78 


70. 


3848.45 


219.01 
220.69 
221.48 


94. 


6939.77 


296!l8 


55.25 


2397-47 


173.57 


70.25 


3875.99 
3903.62 


94.5 


7013.80 


55*5 


2419.22 


174.35 


70.5 


95. 


7088.21 


298.45 


fe" 


24AI.06 
2463.00 


»75-»4 
175.92 


H:" 


3931.36 
3959. "9 


222.27 
223.05 


^! 


7163.02 
7238.22 


300.02 
301.59 


56.25 


2485.04 


176.71 


71.25 


3987.12 


223.84 


96.5 


^'li'l* 


303.16 


56.5 


2507.18 


'^S 


71.5 


4015.15 


224.62 


97. 


7380.81 
7466.19 
7542.96 


304.73 
306.30 


56.75 


2520.42 


7».75 


4043.28 


225.41 


97.5 


57* 


2551.75 


179.07 


72. 


4071.50 


226.19 
226.^ 
227.76 


9!- 


307-87 


57*25 

57.5 


2574.19 
2596.72 


;g:M 


72.25 
72.5 


4090.83 
4128.24 


98.5 
99. 


7620.12 
7697.68 


309.44 
311.01 


&" 


2619.35 
2642.07 


181.42 
182.21 


VsJ' 


4156.77 
4185.38 


228.55 
229.33 


18S:' 


Wsl'^ 


312.58 
314.15 



cs 
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POWERS AND ROOTS.— Tabie 27 



^^ 



SaXTAEES, CUBES, SOTAEE EOOTS, CUBE EOOTS, 
FITTH POWERS AHB BECIPBOCALS. 



From 1 to 50. 



; Nam. 



; 1 

, 2 

|i 

I 8 

' 9 

10 

j II 

i ** 

i '^ 

i8 

i ^9 

! 20 

2Z 

I a3 
H 

45 
2i 

27 
28 

30 

31 
I 3» 
33 
34 
35 
36 
37 
38 
39 

40 

4« 
42 
43 
44 

4<5 
47 
48 

_4i 



.^ 



SquarM. 



I 

4 

9 

16 

*5 
36 
49 
64 
81 

100 

121 

144 

169 
196 

256 

289 
324 

361 

400 

441 

484 

5*9 
576 
625 
676 
729 
784 
84T 

900 

961 

1024 
1089 
1156 
1225 
1296 

1369 
1444 

M2l 

1600 

1681 
1764 
1849 
1936 
2025 
2116 
2209 

2304 
2401 

2500 



Cubes. 



I 

8 

27 

64 

"5 
216 

343 
5" 
729 

1000 

>33« 
1728 

2197 
2744 
3375 
4096 

49»3 
5832 
6859 

8000 

9261 
10648 
12167 
13824 
15625 
17576 
19683 
21952 
24389 
27000 
29791 
32768 

35937 
39304 
42875 
46656 

50653 
54872 
59319 

64000 

68921 

74088 

79507 

85184 

91125 

97336 

103823 

I 10592 

117649 

125000 



Sq. Roots. 



1.000 
1.414 
1.732 
2.000 
2.236 

2.449 
2.645 
2.828 
3.000 

a.162 

3-316 

3-464 
3.605 

3-741 
3-873 
4.000 

4-123 
4.242 

4-359 

4.472 

4.583 
4.690 
4.796 
4.899 
5.000 
5-099 
5-196 
5-291 
5-385 
5.477 
5-567 
5-657 
5-744 
5-831 
5-916 
6.000 
6.082 
6.164 
6.245 

6.324 

6.403 
6.480 
6.557 
6.633 
6.708 
6.782 

6.855 
6.928 
7.000 
7.071 



Cabe RootsJ Fifth 



1. 000 

1.260 
1.442 
1.587 
1. 710 
1.817 
1-913 
2.000 
2.080 

2.154 

2.223 

2.289 

2.351 
2.410 
2.466 
2.520 

2.571 
2.620 
2.668 
2.714 

2.759 

2.802 

2.844 
2.884 
2.924 
2.962 
3.000 
3-036 
3-072 

3.107 

3-141 

,175 

.207 

239 

.271 

.302 

.•332 

3-362 

3-391 

3.420 

3-4*8 
3-476 
3-503 
3-530 
3-557 
3-583 
3.609 

3-634 



32 

243 

1024 

3125 

7776 

16807 

32768 

100000 

161051 
248832 

371293 
537824 

759375 
1048576 

1419857 
1889568 
2476099 

3200000 

4084101 

5153632 

6436343 

796Z624 

9765625 

11881376 

14348907 

17210368 

20511149 

24300000 

28629151 

33554432 

39135393 

45435424 

52521875 

60466176 

69343957 
79235168 
90224199 

102400000 

115856201 
130691232 
147008443 
I 649 I 6224 
184528125 
205962976 
229345007 
254803968 
282475249 
312500000 



Reciprocals. 



.100000000 
.500000000 

.333333333 
.250000000 
.2000CXXXX7 
.166666667 

.142857143 
•125000000 
.IIIIIllll 

.100000000 

.090909091 

-083333333 
.076923077 
.071428571 
.066666667 

.062500000 
.058823529 

.055555556 

.o*;26u579 

.050000000 

.047619048 

.045454545 
.043478261 
.041666667 
.040000000 
.038461538 
.037037037 
.035714286 

.034482759 
.033333338 

.032258065 
.031250000 
.030303030 
.029411765 
.028571429 
.027777778 
.027027027 
.026315789 
025641026 

.025000000 

.024390244 
.023809524 
.023255814 

.022727273 
.022222222 
.021739130 
.021276600 
.020835333 
.020408163 

.020000000 
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POWEKS AND ROOTS.— Tablb 27 



SaUASES, CUBES, SaUASB ROOTS, CUBE ROOTS, 
EIFTH POWERS AHD RECIPROCALa 



From 51 to lOO. 



Nnai. Squares. 



Cubes. 



Sq. Roots. 



Fifth 



Bedproeals. 



5» 
5» 

53 
54 

55 
56 
57 
58 

6i 
6x 

63 
64 
65 
66 

67 
68 

71 
72 
73 
74 
75 
76 
77 
78 

81 
82 
83 
84 

85 
86 

87 
88 

9« 

9* 
93 
94 
95 
96 

97 
98 

99 

100 



2601 
2704 
2809 
2916 

3025 

313^ 

3H9 
3364 
3481 

3600 

3721 
3844 

39^9 
4096 

4^*5 
4356 
4*89 
4624 
4761 

4900 

504" 
5184 
5329 
5476 

5625 
5776 
5929 
6084 
6241 

6400 

6561 

6724 
6889 
7056 

72*5 
7396 
7569 
7744 
7921 

8100 

8281 
8464 
8649 
8836 
9025 
9216 
9409 
9604 
9801 
AOOOO 



132651 

140608 

148877 
'57464 
166375 

I756I6 

I85I93 
I95I12 

205379 
216000 

226981 
238328 
250047 
262144 
274625 
287496 
300763 
314*32 
328^09 



3579" 
373248 
389017 
405224 
421875 
438976 
456533 
474552 
493039 
512000 

53>44» 
55'368 
571787 
592704 
614125 
6360556 

658503 
681472 
704969 

729000 

75357t 
778688 

804357 
830584 

857375 
884736 
912673 
941192 
970299 

100000 



7.141 
7.211 

7.280 

7.348 
7.416 

7.483 
7.549 
7.615 
7.681 

7745 

7.810 

7.874 
7.937 
8.000 
8.062 
8.124 
8.185 
8.246 
8.306 

8366 

8.426 

8.485 

8.54* 
8.602 
8.660 
8.718 

8.775 
8.831 
8.888 

8944 

9.000 

9.055 
9.110 

9'i6s 
9.219 
9.273 
9.327 
9.381 
9.434 

9487 

9-539 
9.591 
9.643 
9.695 
9.746 

9.798 
9.849 
9.899 
9-950 

10000 



708 

732 
756 

780 
803 
826 
848 
871 
.893 

3915 

3.93^ 
3.958 
3.979 
4.000 
4.021 
4.041 
4.061 
4.081 
4.101 

4121 

4.141 
4.160 

4.179 
4.198 
4.217 
4.236 

4.254 
4.272 
4.291 

4309 

4.326 

4.34* 
4.362 

4.379 
4.397 
4.414 
4.43* 
4.4+7 
4.464 
4481 
4.498 
4.514 
4.530 
4.547 
4.563 
4.579 
4.594 
4.610 
4.626 
4641 



345025251 
380204032 

418195493 
459165024 

503284375 
550731776 
601692057 
656356768 
714924299 



844596301 
916132832 

992436543 
1073741824 
1160290625 
1252332576 
1350125107 
1453933568 

1804229351 
1934917632 
2073071593 
2219006624 

2373046875 
2535525376 
2706784157 
2887174368 
3077056399 

3276800000 

3486784401 
3707398432 
3939040643 
4182119424 

4437053125 
4704270176 
4984209207 
5277319168 

6240321451 
6590815232 
6956883693 
7339040224 

7737809375 
8153726976 
8587340257 
9039207968 



10< 



960000000 



.019607843 
.019230769 
.018867925 
.018518519 
.018181818 

.017857143 
•017543860 

.017241379 

.dl6wl667 

.016393443 
.C16129032 
.015873016 
.015625000 
.015384615 

•015151515 
•014925373 
.014705882 
.014492754 
.014285714 
.014084507 
.013888889 
.013698630 

.oi35i35»4 
.013333333 
.013157895 
.012987013 
.012820513 
.012658228 

012500000 

.012345679 
.012195122 
.0x2046193 
.011904762 
.011764706 
.011627907 
.011494253 
.011563636 
.011235955 

.omimi 

.010989011 
.010869565 
.010752688 
.010638298 
.010526316 
.010416667 
.010309278 
.010204082 
.0101010T0 

.010000000 
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POWERS AND ROOTS 


.—Table 27a 




SaVABES, savK 

] 


EtE SOOTS, i 


IHD CUBE BOOTS. 


Prom 101 to AC 


Niita< 


Squares. 




Cube Boots. 


Nam. 


Sqpures. 


Square Rooti 


CubeRootji 


lOl 


10201 


10.050 


4.657 


151 


22801 


12.288 


5.325 


ipi 


10404 


10.099 


4.672 


152 


23104 


12.329 


5.337 


103 


10609 


10.149 


4.687 


153 


23409 


12.369 


5.348 


104 


10816 


10.198 


4.702 


154 


23716 


12.409 


5.360 


105 


11025 


10.247 


4.717 


155 


24025 


12.450 


5-371 


106 


1 1236 


10.295 


4.732 


156 


24336 


12.490 


5.383 


107 


11449 


10.344 


4.747 


157 


24649 


12.530 


5.394 


108 


11664 


10.392 


4.762 


158 


24964 


12.570 


5.406 


ul 


I1881 


10.440 


4.777 


159 


25281 


12.609 

12.649 


5-417 


12100 


10.488 


4.791 


160 


25600 


5.429 


III 


12321 


10.535 


4.806 


161 


25921 


12.688 


5-440 


112 


"544 


10.583 


4.820 


162 


26244 


12.728 


5-451 


"3 


12769 


10.630 


4.834 


163 


26569 


12.767 


5.462 


"4 


12996 


10.677 


4.849 


164 


26896 


12.806 


5.474 


"5 


13*25 


10.724 


4.863 


165 


27225 


12.845 


5.485 


116 


1345^ 


10.770 


4.877 


166 


27556 


12.884 


5.496 


117 


13689 


10.816 


4.891 


167 


27889 


12.923 


5.507 


118 


I39H 


10.863 


4.905 


168 


28224 


12.961 


5.518 


119 


14161 


10.909 


4.918 


169 
170 


28561 


13.000 


5.528 


120 


14400 


10.954 


4.932 


28900 


13.038 


5.539 


121 


14641 


11.000 


4.946 


171 


29241 


13.076 


5.550 


122 


14884 


11.045 


4.959 


172 


29584 


13.115 


5.561 


'»3 


15129 


11.090 


4-973 


173 


29929 


13.153 


5.572 


»»4 


15376 


II. 135 


4.986 


174 


30276 


13.191 


5.583 


"5 


15^*5 


11.180 


5.000 


175 


30625 


13.229 


5.593 


126 


15876 


11.225 


5.013 


176 


30976 


13.266 


5.604 


127 


16129 


11.269 


5.026 


«77 


31329 


13.304 


5.614 


128 


16384 


II. 313 


5.039 


178 


31684 


13.341 


5.625 


129 


16641 


11.358 


5.065 


179 


32041 


13.379 


5.636 


130 


16900 


1L402 


180 


32.400 


13.416 


5.646 


131 


17161 


11-445 


5.078 


181 


32761 


13.453 


5.656 


'3a 


17424 


11.489 


5.091 


182 


33124 


13.490 


5.667 


»33 


17689 


11.532 


5.104 


183 


33489 


13.527 


5.677 


134 


17956 


11.576 


5.117 


184 


33856 


13.564 


5.688 


<35 


1S225 


11.619 


5.130 


185 


34225 


13.601 


5.698 


136 


18496 


11.662 


5.142 


186 


34596 


13.638 


5.708 


137 


18769 


11.704 


5.155 


1S7 


34969 


13.675 


5.718 


138 


19044 


11.747 


5.167 


188 


35344 


13.711 


i;.728 


»39 


19321 


11 . 790 


5.180 
5.192 


190 


35721 


13.747 


iM 


140 


19600 


11.832 


36.100 


13.784 


141 


19881 


11.874 


5.204 


191 


36481 


13 820 


5-759 


142 


20164 


11.916 


5.217 


192 


36864 


13.856 


5.769 


143 


20449 


11.958 


5.229 


193 


37249 


13.892 


5-779 


«44 


20736 


12.000 


5.241 


194 


37636 


13.928 


5-789 


145 


21025 


12.041 


5.2<3 


195 


38025 


13.964 


5.799 


146 


21316 


12.083 


5.265 


196 


38416 


14.000 


5.809 


147 


21609 


12.124 


5-277 


197 


38809 


14 035 


5.818 


148 


21904 


12.165 


5.289 


198 


39204 


14.071 


5.828 


149 


22201 


12.206 


5.301 


199 


39601 


14.107 


5-8^8 


150 


22500 


12.247 


5.313 


200 


40000 


14.142 


5.848 
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POWERS AND » 


OOT 


8.— Tab 


LES7a 








BOVABES, SaVi 


ISE BOOTS, 


AID CUBE BOOTS. 

lOO. 




rrom A01to4 




Num. 


Squares. 




GubeBoote. 


Nun. 


SquTM. 




Cube Roots. 




20 1 


40401 


i4.»77 


5-858 


251 


63001 


15.843 


6.308 




202 


40804 


14.212 


5.867 


15* 


63504 


15.874 


6.316 




203 


41209 


14.248 


5.877 


253 


64009 


15.906 


6.325 




204 


41616 


14.283 


5.887 


254 


64516 


15.937 


6.333 




205 


42025 


14.318 


5.896 


255 


65025 


15.969 


6.341 




206 


42436 


«4-353 


5.906 


256 


^S5i^ 


16.000 


6.349 




207 


42849 


14.387 


5.915 


257 


66049 


16.031 


6.358 




208 


43264 


14.422 


5.925 


258 


66564 


16.062 


6.366 




210 


43681 

44100 


it^i 


im 


f^ 


67081 

67600 


16^ 


^M 




211 


44521 


14.526 


5.953 


261 


68i2t 


16.155 


6.390 




212 


44944 


14.560 


5.962 


262 


68644 


16.186 


6.399 




»I3 


45369 


14.594 


5.972 


263 


69169 


16.217 


6.407 




214 


45796 


14.629 


5.981 


264 


69696 


16.248 


6.415 




*'? 


46225 


14.662 


5-991 


265 


70225 


16.279 


6.423 




216 


^66s6 


14.697 


6.000 


266 


70756 


16.309 


6.431 




217 


47089 


"4.731 


6.009 


267 


71289 


16.340 


6.439 




218 


475H 


H.765 


6.018 


268 


71824 


16.371 


6.447 




22^ 


47961 

48400 


1^^ 


6.027 

6.037 


269 
270 


nwo 


16.401 

16.431 


6.4^ 




221 


48841 


14.866 


6.045 


271 


73441 


x6 .462 


6.471 




222 


49284 


14.899 


6.055 


272 


73984 


16.492 


6.479 




i*3 


49729 


14.933 


6.064 


273 


74529 


16.522 


6.487 




^H 


50176 


14.966 


6.073 


274 


75076 


16.552 


^.495 




^«5 


50625 


15.000 


6.082 


275 


75625 


16.583 


6.503 




226 


51076 


15.033 


6.091 


276 


76176 


16.613 


6.511 




227 


51529 


15.066 


6.100 


277 


76729 


16.643 


6.518 




228 


5«984 


15.099 


6.109 


278 


77284 


16.678 


6.526 




229 


62900 


15.133 


6. 118 


279 


77841 


16.703 


im 




230 


15.166 


6.126 


280 


78400 


16.733 




23 > 


53361 


15.198 


6.135 


281 


78961 


16.763 


6 550 




232 


53824 


15.231 


6.144 


282 


79524 


16.793 


^•557 




233 


54289 


15.264 


6.153 


283 


80089 


16.822 


6.565 




234 


54756 


15.297 


6.162 


284 


80656 


16.852 


6.573 




*35 


55225 


15.330 


6. 171 


285 


81225 


16.882 


6.581 




236 


55696 


15.362 


6.179 


286 


81796 


16. 911 


6.588 




237 


56169 


15.395 


6.i88 


287 


82369 


16.941 


6.596 




238 


56644 


15.427 


6.197 


288 


82944 


16.970 


6.604 




239 


57121 


15.459 


6.205 

6.214 


290 


83521 


17.000 


6. 611 




240 


57600 


15.492 


84100 


1.7029 


6.619 




241 


58081 


15 524 


6.22J 


291 


84681 


17.058 


6.627 




242 


58564 


^S'S5^ 


6.231 


292 


• 85264 


17.088 


6.634 




^3 


59049 


15.588 


6.240 


293 


85849 


17.117 


6.642 




244 


59536 


15.620 


6.249 


294 


86436 


17.146 


6.649 




245 


60025 


15.652 


6.257 


295 


8702jq 


17.175 


6.657 




246 


60516 


15.684 


6.266 


296 


87616 


17.204 


6.664 




247 


61009 


15.716 


6.274 


297 


88209 


17.233 


6.672 




248 


61504 


15.748 


6.283 


298 


88804 


17.262 


6.679 




249 


62001 


15.780 
15.8U 


6.291 


299 


89401 


17-291 


6.6«7 


I 


250 


62500 


6.299 


300 


90000 


17320 


6.694 
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BaXTABS 


8, WUi 


LBS BOOTS, 


AHD CUBE BOOTS. 




Trwm 901 to 4 


Num. 


SvittM. 




CnbeBooli. 


Num. 


Squares. 


SquAreBoots'cabe Rooto 1 


301 


90601 


17.349 


6.702 


351 


123201 


,18.735 


7.054 


30a 


9»*04 


17.378 


6.709 


35* 


123904 


18.761 


7.060 


303 


91809 


17.407 


6.716 


353 


124609 


18.788 


7.067 


304 


9*416 


17.435 


6.724 


354 


125316 


18.815 


7.074 


305 


930*5 


17.464 


6.731 


355 


126025 


18.841 


7.080 


306 


93636 


17.493 


6.738 


356 


126736 


18.868 


7.087 


^^l 


94*49 


17.5*1 


6.746 


357 


1*7449 


18.894 


7.094 


308 


94864 


17.550 


6.753 


358 


128164 


18.921 


7.100 


^ 


95481 


17.578 


6.760 


359 


128881 


18.947 


7.107 


96100 


17.607 


6.786 


3€0 


129600 


18.973 


7.114 


3" 


967*1 


17.635 


6.775 


361 


1303*1 


19.000 


7.120 


312 


97344 


17.663 


6.782 


362 


131044 


19.026 


7.127 


313 


97969 


17.69a 


6.789 


363 


131769 


19.052 


7.133 


314 


9^596 


17.7*0 


6.797 


364 


13*496 


19.078 


7.140 


315 


99**5 


17.748 


6.804 


365 


I33**i 


19.105 


7.146 


316 


99856 


17.776 


6.811 


366 


133956 


19.131 


7.153 


317 


100489 


17.804 


6.818 


367 


134689 


19.157 


7.159 


318 


101124 


17.832 


6.825 


368 


1354*4 


19.183 


7.166 


M 


101761 

102400 


17.860 
17.888 


iM 


3^70' 


136161 

L36900 


19^.2^ 


7.17* 
7.179 


3" 


103041 


17.916 


6.847 


371 


137641 


19.261 


7.185 


3W 


103684 


J7.944 


^ !-2l+ 


37* 


138384 


19.287 


7.19* 


3*3 


1043*9 


17.97* 


' 6.861 


373 


1391*9 


19.313 


7.198 


3H 


104976 


18.000 


6.868 


374 


139876 


19.339 


7.ao5 


3*5 


105625 


18.028 


6.875 


375 


140625 


19-365 


7.211 


3*6 


106276 


.18.055 


6.882 


376 


141376 


19.391 


7.*i7 


3*7 


106929 


18.083 


6.889 


377 


14*129 


19.416 


7.224 


3*8 


107584 


18.111 


6.896 


378 


142884 


19.44* 


7.230 


8^3^ 


108241 
108900 


18.138 

18.166 


IH^ 


379 

380 


v& 


19^.^1 


7.2^ 


33 » 


109561 


18.193 


6.917 


^l' 


145161 


19-519 


7.*49 


33* 


110224 


18.221 


6.924 


38* 


1459*4 


19-545 


7.*56 


333 


110889 


18.248 


6.931 


383 


146689 


19.570 


7.262 


334 


111556 


18.275 


6.938 


384 


147456 


19-596 


7.268 


335 


112225 


18.303 


6.945 


385 


148225 


19.621 


7.*75 


336 


112896 


18.330 


6.95* 


386 


148996 


19.649 


7.28: 


337 


113569 


18.357 


6.959 


387 


149769 


19.672 


7.*87 


338 


114244 


18.385 


6.966 


388 


150544 


19.698 


7.*93 


339 


114921 


18.412 


6.97* 


M 


1513*1 


19.723 


7.100 


340 


115600 


18.489 


6.979 


152100 


19.748 


7.306 


341 


116281 


18.466 


6.986 


391 


152881 


19.774 


7.3'* 


34* 


116964 


18.493 


6.993 


39* 


153664 


19.799 


7.3>8 


343 


117649 


18.520 


7.000 


393 


154449 


19.824 


7.3*5 


344 


118336 


18.547 


7.007 


394 


155*36 


19.849 


7.331 


345 


119025 


18.574 


7.013 


395 


156025 


19.874 


7.337 


346 


119716 


18.601 


7.020 


396 


156816 


19.900 


7.343 


347 


120409 


18.628 


7.027 


397 


157609 


19.9*5 


7.349 


348 


121104 


18.655 


7.034 


398 


158404 


19.950 


7.356 


349 


12l8of 


18.681 


7.040 


399 


159*01 




7.362 


850 


122600 


18.708 


7. 


400 


160000 


7.858 
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POWERS AND ROOTS.— Tablb 27a 




SQXTABSS, BOOA 


JlESOOTg, 


USm CUBE ROOTS. 
^00 


TrwBBL 401 id B 


Nam. 




CabeBoote. 


Mum. 


Squares. 


Square Hoots 


Cube Boots. 


401 


160801 20.025 


7.374 


451 


203401 


21.236 


7.669 


402 


161604 


20.050 


7.380 


452 


204304 


21.260 


7.674 


40$ 


162409 


20.075 


7.386 


453 


205209 


21.284 


7.680 


404 


163216 


20.100 


7.392 


454 


2061 16 


21 307 


7.686 


405 


164025 


ao.124 


7.398 


455 


207025 


21.331 


7.691 


406 


164836 


20.149 


7.405 


456 


207936 


21.354 


7.697 


407 


165649 


20.174 


7.4H 


457 


208849 


21.377 


7.702 


408 


166464 


20.199 


7.417 


458 


209764 


21.401 


7.708 


^0 


I 6728 I 
168100 


20.224 
20.248 


i^ 


^ 


210681 

211600 


21 .4H 

21.447 


mi 


411 


168921 


20.273 


7.435 


46. 


212521 


21.471 


7.725 


41 z 


«59744 


20.298 


7.441 


4<i 


213444 


21.494 


7.730 


♦>3 


170569 


20.322 


7.447 


4«3 


214369 


21.517 


7.736 


4H 


171396 


20.347 


7.453 


464 


215296 


21.540 


7.742 


415 


i72"5 


20.371 


7.459 


465 


216225 


21.564 


7.747 


416 


173056 


20.396 


7.465 


466 


217156 


21.587 


7.753 


♦17 


173889 


20.420 


7.471 


4«7 


218089 


21.610 


7.758 


418 


174724 


20.445 


7.477 


468 


219024 


21.633 


7.764 


M 


175561 


20.469 


7.483 


^^ 


219961 


21.656 
21.679 


7.769 


176400 


20.494 


7.489 


220900 


7.775 


4ii 


1 77241 


20.518 


7.495 


47 > 


221841 


21.702 


7.780 


42a 


178084 


20.542 


7.501 


47* 


222784 


21.725 


7.786 , 


4»3 


178929 


20.567 


7.506 


473 


223729 


21.748 


7.791 


4H 


179776 


20.591 


7.5«2 


474 


224676 


21.771 


7.797 


4*5 


180625 


20.615 


7.518 


475 


225625 


21.794 


7.802 


426 


181476 


20.640 


7.524 


476 


226576 


21.817 


7.808 


4*7 


182329 


20.664 


7.530 


477 


227529 


21.840 


7.813 


428 


183184 


20.688 


7.536 


478 


228484 


21.863 


7.819 


4*9 


184041 


20.712 


7.542 


479 


229441 


21.886 


7.824 


430 


184900 


20.736 


7.648 


480 


230400 


21.909 


7.830 


431 


185761 


20.760 


7.553 


481 


231361 


21.932 


7.835 


43a 


186624 


20.784 


7.559 


482 


232324 


21.954 


7.840 


433 


187489 


20.808 


7.565 


483 


233289 


21.977 


7.846 


434 


188356 


20.832 


7.571 


4«4 


234256 


22.000 


7.851 


435 


i89"5 


20.856 


7.577 


485 


235225 


22.023 


7.857 


436 


190096 


20.880 


7.583 


486 


236196 


22.045 


7.862 


437 


190969 


20.904 


7.588 


487 


237169 


22.068 


7.867 


438 


191844 


20.928 


7.594 


488 


238144 


22.091 


7.873 


^ 


192721 

193600 


20.952 
20.976 


7.600 
7.606 


4^^ 


239121 
240100 


22.113 
22.136 


7.878 
7.884 


44* 


194481 


21.000 


7.611 


491 


24108 I 


22.158 


7.889 


442 


195364 


21.024 


7.617 


492 


242064 


22.181 


7.894 


443 


196249 


21.047 


7.623 


493 


243049 


22.203 


7.900 


444 


197136 


21.071 


7.629 


494 


244036 


22.226 


7.905 


445 


198025 


21.095 


7.634 


495 


245025 


22.248 


7.910 


446 


198916 


21. 119 


7.640 


496 


246016 


22.271 


7.9i6 


U7 


199809 


21.142 


7.646 


497 


247009 


22.293 


7.921 


448 


200704 


21.166 


7.652 


498 


248004 


22.316 


2.926 


449 


201601 


21.189 


7.657 


499 


249001 


22.338 


7.932 


450 


202500 


21.213 


7.663 


500 250000 


22.360 


7.937 



C6 
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POWERS AND ROOTS.— Table 27a 



84TTAXSS, SaVABB £0018, AHB CUBE BOOTS. 




r^ao 


itoeoo 






NaiD. 


SquTM. 


SqunBooto 


Cabe Boots. 


Num. 


SqiiMM. 


SquweRoota 


CaboBooto. 


501 


zSiooi 


22.383 


7.942 


SSI 


303601 


23.473 


8.198 


50* 


252004 


22.405 


7.947 


SS^ 


304704 


23-494 


8.203 


503 


253009 


22.427 


7.953 


553 


305809 


23.516 


8.208 


504 


254016 


22.450 


7.958 


554 


306916 


23.537 


8.213 


505 


*55oa5 


22.472 


7.963 


5SS 


308025 


23.558 


8.218 


506 


256036 


22.494 


7.968 


SS6 


309136 


23.579 


8.223 


507 


257049 


22.516 


7.974 


SSI 


310249 


23.601 


8.228 


508 


258064 


22.539 


7.979 


558 


311364 


23.622 


8.233 


iVo 


266icK) 


22.561 

22.583 


7.984 

7.989 


560 


313600 


^^ 


8.237 

8.242 


5" 


261121 


22.605 


7.995 


561 


314721 


23.685 


8.247 


5" 


262144 


22.627 


8.000 


562 


315844 


23.706 


8.252 


5"3 


263169 


22.649 


8.005 


563 


316969 


23«7»7 


8.257 


5 '4 


264196 


22.671 


8.010 


564 


318096 


23.748 


8.262 


^'? 


265225 


22.693 


8.015 


SH 


319225 


23.770 


8.267 


516 


266256 


22.715 


8.021 


S66 


320356 


23.791 


8.272 


^'l 


267289 


22.737 


8.026 


567 


321489 


23.812 


8.277 


5»8 


268324 


22.759 


8.031 


568 


322624 


23.833 


8.281 


5^^ 


269361 
270400 


22.781 
22.803 


8.036 
8.041 


» 


324900 


&^ 


8.286 
8.291 


511 


27141 < 


22.825 


8.046 


S1^ 


326041 


23-895 


8.296 


5»* 


272484 


22.847 


8.052 


sn 


327184 


23.916 


8.301 


5»3 


273529 


22.869 


8.057 


Sli 


328329 


23-937 


8.306 


5»4 


274576 


22.891 


8.062 


574 


329476 


23-958 


8.310 


^'1 


275625 


22.913 


8.067 


575 


330625 


23-9^9 


8.315 


5-^^ 


276676 


22.934 


8.072 


S7« 


331776 


24.000 


8.320 


^^l 


277729 


22.956 


8.077 


577 


332929 


24.021 


8.325 


528 


278784 


22.978 


8.082 


S78 


334084 


24.041 


8.330 


A*^ 


27984* 


23.000 


8.087 


579 


335241 


24.062 


8.335 
8.339 


530 


280900 


23.022 


8.092 


080 


336400 


24.083 


531 


281961 


23-043 


8.098 


581 


337561 


24.104 


8.344 


53* 


283024 


23.065 


8.103 


58» 


3387H 


24.124 


8.349 


533 


284089 


23.087 


8.108 


S83 


339889 


24-145 


8.354 


534 


285.56 


23 . 108 


8. 113 


584 


341056 


24.166 


8.358 


535 


286225 


23.130 


8. 118 


585 


342225 


24.187 


8.363 


536 


287296 


23.151 


8.123 


586 


343396 


24.207 


8.368 


537 


288369 


23.173 


8.128 


587 


344569 


24.228 


8.373 


538 


289444 


23.195 


8.133 


588 


345744 


24.249 


8.378 


5^ 


291600 


23.216 
23.238 


8.138 

8.143 


5'^ 


348100 


1^2M 


8.382 
8.387 


541 


292681 


23.259 


8.148 


59' 


349281 


24.310 


8.392 


54* 


293764 


23.281 


8.153 


592 


350464 


H-331 


8.396 


543 


294849 


23.302 


8.158 


593 


351649 


24.351 


8.401 


544 


295936 


23.324 


8.163 


594 


352836 


24.372 


8.406 


545 


297025 


23,345 


8.168 


595 


354025 


24.392 


8.411 


54<5 


298116 


23.366 


8.173 


596 


355216 


24.413 


8.415 


5^2 


299209 


23.388 


8.178 


597 


356409 


24.433 


8.420 


548 


300304 


23.409 


8.183 


598 


357604 


24-454 


8.425 


^ 


301401 
302600 


23.431 
23.452 


8.188 
8.193 


^ 


358801 
360000 


Ml 


l^ 
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POWERS AND ROOTS.— Table 27a 






SaVASES, SaVABE BOOTS, AVD CUBE BOOTS. 








Pkvm 601 to 700 




Nam. 


Squares. 


SqnareRoots 


Cube Boots. 


Num. 


Squares. 


SquareBoots 


Cube Boots. 


601 


361201 


24-5>5 


8.439 


651 


423801 


25.515 


8.667 


602 


362404 


24-535 


8.443 


652 


425104 


25.534 


8.671 


603 


363609 


24.556 


8.448 


653 


426409 


25.554 


8.675 


604 


364816 


24.576 


8.453 


654 


427716 


25.573 


8.680 


605 


366025 


24-597 


!**l^ 


655 


429025 


25.593 


8.684 


606 


367^36 


24.612 


8.462 


656 


430336 


25.612 


8.689 


607 


368449 


24-637 


8.467 


657 


431639 


25.632 


8.693 


608 


369664 


24.657 


8.471 


658 


432964 


25.651 


8.698 


^0 


370881 


24.678 


8.476 


8^a 


43i600 


25.671 


8.702 


372100 


24.698 


8.481 


25.690 


8.706 


fll 


373321 


24.718 


8.485 


661 


436921 


25.720 


8. 711 


612 


374544 


24.738 


8.490 


66z 


438244 


25.729 


8.715 


613 


375769 


24.759 


8.495 


663 


439569 


25.749 


8.720 


614 


376996 


24.779 


8.499 


664 


440896 


25.768 


8.724 


<5i5 


378225 


24-799 


8.504 


665 


442225 


25.787 


8.728 


616 


379456 


24.819 


8 508 


666 


443556 


25.807 


8.733 


617 


380689 


24.839 


8.513 


667 


444899 


25.826 


8.737 


618 


381924 


24.859 


8.518 


668 


446224 


25.845 


8.741 


620 


383161 

384400 


24.880 
24.900 


8.527 


669 

670 


4^^ 


2i.£i 


8.746 

8.750 


621 


385641 


24.920 


I'^^l 


671 


450241 


25.903 


8.754 


622 


386884 


24.940 


8.536 


672 


451584 


25.923 


8.759 


623 


388129 


H-960 


8.541 


673 


452929 


25.942 


8.763 


624 


389376 


24.980 


8.545 


674 


454276 


25.961 


8.768 


625 


390625 


25.000 


8.550 


675 


455625 


25.981 


8.772 


626 


391876 


25.020 


8.554 


676 


456976 


26.000 


8.776 


627 


393>29 


25.040 


8.559 


677 


458329 


26.019 


8.781 


628 


394384 


25.060 


8.563 


678 


459684 


26.038 


8.785 


629 


395641 


25.080 


8.568 
8i>72 


679 
680 


46104I 


26.o';7 


8.789 


630 


396900 


25.100 


462400 


26.077 


8.793 


631 


398161 


25.120 


8.577 


681 


463761 


26.096 


8.798 


63^ 


399424 


25.140 


8.581 


682 


465124 


26.115 


8.802 


633 


400689 


25-159 


8.586 


683 


466489 


26.134 


8.806 


634 


401956 


25.179 


8.591 


684 


467856 1 26.153 


8.811 


635 


403225 


25.199 


8.595 


685 


469225 


26.172 


8.815 


636 


404496 


25.219 


8.600 


686 


470596 


26.191 


8.819 


637 


405769 


25.239 


8.604 


687 


471969 


26.210 


8.824 


638 


407044 


25.258 


8.609 


688 


473344 


26.230 


8.828 


i^ 


408321 
409600 


25.278 
25.298 


8.613 
8.618 


689 

690 


474721 
476100 


26.268 


88.32 
8.836 


64. 


410881 


25.318 


8.622 


691 


477481 


26.287 


8.841 


64a 


412164 


25 338 


8.627 


692 


478^64 


26.306 


8.845 


643 


413449 


25.357 


8.631 


693 


4S0249 


26.325 


8.849 


644 


4H736 


25.377 


8.635 


694 


481636 


26.344 


8.853 


«4S 


416125 


25-397 


8.640 


695 


483025 


26.363 


8.858 


646 


417316 


25-4^6 


8.644 


696 


484416 


26.382 


8.862 


647 


418609 


25-436 


8.649 


697 


485S09 


26.401 


8.866 


648 


419904 


25-456 


8.653 


698 


487*04 


26.419 


8.870 


649 


421201 


25'.^^ 


8.658 


699 


488601 


26.438 


i& 


650 


422500 


8.662 


bo 


490.000 


26.457 
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POWERS AND BOOTS 


.—Table 27* 






woAXBa, savi 


JIE BOC 


m, 


AHS (HTBE BOOTS. 
00. 




From 701 to 8 




lYniiia 


SQnaiM. 




Cube Boots. 


Num. 


Squares. 


Square Roots 


Cube Boots. 




701 


491401 


26.476 


8.883 


751 


564001 


27.404 


9.089 




702 


492804 


26.495 


8.887 


752 


565504 


27.422 


9.093 




703 


494209 


26.514 


8.891 


753 


567000 


27.441 


9.098 




704 


495616 


26.533 


8.896 


754 


568516 


27.459 


9.102 




^05 


497025 


26.552 


8.900 


755 


570025 


27.477 


9.106 




706 


498436 


26.570 


8.904 


756 


571536 


27.495 


9.110 




707 


499849 


26.589 


8.908 


75^ 


573049 


27.5«3 


9.114 




708 


501264 


26.608 


8.913 


758 


574564 


27.532 


9. 118 




709 


502681 

504100 


26.627 


8.917 


7^^ 


<;76o8i 


27.550 


9.122 




710 


2a646 


8.921 


577600 


27.568 


9.126 




7" 


505521 


26.664 


8.925 


761 


579121 


27.586 


9.130 




7ii 


506944 


26.683 


8.929 


762 


580644 


27.604 


9.134 




713 


508369 


26.702 


8.933 


763 


582169 


27.622 


9.138 




7H 


509796 


26.721 


8.938 


764 


583696 


27.640 


9.142 




715 


511225 


26.739 


8.942 


765 


585225 


• 27.658 


9.146 




716 


512656 


26.758 


8.946 


766 


586756 


27.677 


9.150 




717 


514089 


26.777 


8.950 


767 


588289 


27.695 


9.154 




718 


515524 


26.795 


8.954 


768 


589824 


27.713 


9.158 




719 


516961 
618400 


26.814 


8.958 


769 


591361 


27.731 


9.161 




720 


26.833 


8.963 


770 


592900 


27.749 


9.165 




721 


519841 


26.851 


8.967 


771 


594441 


27.767 


9.169 




722 


521284 


26.870 


8.971 


772 


595984 


27.785 


9.173 




7^3 


522729 


26.888 


8.975 


773 


597529 


27.803 


9.177 




7H 


524*76 


26.907 


8.979 


774 


599076 


27.821 


9.181 




725 


525625 


26.926 


8.983 


775 


600625 


27.839 


9.185 




726 


527076 


26.944 


8.987 


776 


602176 


27.857 


9.189 




727 


528529 


26.963 


8.992 


777 


603729 


27.875 


9.193 




728 


529984 


26.981 


8.996 


778 


605284 


27.892 


9.197 




729 


53'44» 


27.000 


9.000 


779 


606841 


27.9*0 


ik*J?i 




730 




27.018 


9.004 


780 


608400 


27.928 


9.205 




73 « 


534361 


27.037 


9.008 


781 


609961 


27.946 


9 209 




732 


535824 


27.055 


9.012 


782 


61 1524 


27.964 


9.213 




733 


537289 


27.074 


9.016 


783 


613089 


27.982 


9.217 




734 


538756 


27.092 


9.020 


784 


614656 


28.000 


9.221 




735 


540225 


27.111 


9.024 


785 


616225 


28.018 


9.225 




736 


541696 


27.129 


9.029 


786 


617796 


28.035 


9.229 




737 


543169 


27.148 


9.033 


787 


619369 


28.053 


9.232 




738 


544644 


27.166 


9.037 


788 


620944 


28.071 


9.236 




739 


546121 


27.184 


9.041 


789 


622521 


28.089 


ik^^ 




740 


547600 


27.203 




790 


624100 


28.107 


9.244 




741 


549801 


27-221 


9.049 


791 


625681 


28.125 


9.248 




742 


550564 


27.239 


9.053 


792 


627624 


28.142 


9.252 




743 


552049 


27.258 


9.057 


793 


628849 


28.160 


9.256 




744 


553536 


27.276 


9.061 


794 


630436 


28.178 


9.260 




745 


555025 


27.294 


9.065 


795 


632025 


28.196 


9.264 




746 


556516 


27.313 


9.069 


796 


633616 


28.213 


9.267 




747 


558009 


27.33« 


9-073 


797 


635209 


28.231 


9.271 




748 


559504 


27.349 


9.077 


798 


636804 


28.247 


9.275 




/5'^ 


«;6iooi 
562500 


27.368 

27.386 


9.081 

9.085 


799 
800 


638401 
640000 


28.266 
28.284 


9.283 
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POWERS AND ROOTS.— Table 2Ta 




SaXTASES 


f SaXTA] 


IE BOOTS, I 


IHD CUBE BOOTS. 
00 


From 801 to 9 


Nun. 


Squaree. 


Square Boots 


Cube Roots. 


Nim. 


Squares. 


Square Roots 


Cube Roots 


8oi 


641 601 


28.302 


9.287 


85" 


724201 


29.172 


9.476 


Sox 


643204 


28.319 


9.291 


85» 


725904 


29.189 


9.480 


803 


644809 


28.337 


9-295 


853 


727609 


29 . 206 


9-484 


804 


646416 


28.355 


9.298 


854 


729316 


29.223 


9.487 


805 


648025 


28.372 


9 -302 


855 


731025 


29.240 


9.491 


806 


649636 


28.390 


9.306 


856 


732736 


29.257 


9-495 


.807 


651249 


28.408 


9-3>o 


857 


734449 


29.274 


9-498 


808 


652864 


28.425 


9-3>4 


858 


736164 


29.291 


9.502 


809 


654481 


28.443 


9.318 


8^ia 


737881 


29-309 


9.506 


810 


656100 


28.460 


9.321 


789600 


29.326 


9.509 


8ti 


657721 


28.478 


9.325 


861 


741321 


29.343 


9-513 


8IZ 


659344 


28.495 


9-329 


862 


743044 


29.360 


y-517 


813 


660969 


28.513 


9-333 


863 


744769 


29-377 


9-521 


814 


662596 


28.530 


9.337 


864 


746496 


29-394 


9-524 


8IS 


664225 


28.548 


9-341 


865 


748225 


29.411 


9.528 


816 


665856 


28.566 


9-344 


866 


749956 


29.428 


9-532 


817 


667489 


28.583 


9-348 


867 


751689 


29-445 


9-535 


818 


669124 


28.600 


9-352 


868 


753424 


29.462 


9.539 


819 


670761 


28.618 


9-356 


869 


755161 


29.479 


9-543 


820 


672400 


28.635 


9.360 


870 


756900 


29.496 


9.546 


811 


674041 


28.653 


9-364 


871 


758641 


29-513 


9-550 


811 


675684 


28.670 


9.367 


872 


760384 


29.529 


9-554 


S^i 


677329 


28.688 


9-371 


873 


762129 


29-546 


9-557 


824 


678976 


28.705 


9.375 


874 


763876 


29-563 


9.561 


815 


680625 


28.723 


9.379 


875 


765625 


29.580 


9.564 


Sx6 


682276 


28.740 


9-382 


876 


767376 


29-597 


9.568 


817 


683929 


28.757 


9.386 


877 


769129 


29.614 


9.572 


818 


685584 


28.775 


9-390 


878 


770884 


Z9-631 


9.575 


8j9 


687141 


28.792 


9-394 


879 


772641 


29.648 


9.579 


830 


688900 


28.810 


9.398 


880 


774400 


29.665 


9.583 


831 


64/0561 


28.827 


9.4C1 


881 


776161 


29.681 


9-586 


«3Z 


69^124 


28.844 


9-405 


882 


777924 


29.698 


9.590 


8}3 


653889 


28.862 


9.409 


883 


779689 


29-715 


9.594 


834 


hS5S6 


28.879 


9-4>3 


884 


781456 


29-732 


9.597 


83s 


697125 


28.896 


9.416 


885 


783225 


29-749 


9.601 


836 


6yeS96 


28.913 


9.420 


886 


784996 


29.766 


9.604 


837 


7c.r;69 


28.931 


9.424 


887 


786769 


29.782 


9.608 


838 


702244 


28.948 


9.428 


888 


788544 


29.799 


9.612 


839 


703921 


28.983 


9.431 


889 


790321 


29.816 


9.619 


810 


705600 


9.435 


890 


792100 


29.833 


841 


707281 


29.000 


9.439 


891 


793881 


29.849 


9.622 


84* 


708964 


29.017 


9.443 


892 


795664 


29.866 


9.626 


843 


710649 


29-034 


9.446 


893 


797449 


29.883 


9.630 


844 


712336 


39.051 


9.450 


894 


799236 


29.900 


9.633 


845 


714025 


29.069 


9.454 


895 


801025 


29.916 


9.637 


846 


715716 


29.086 


9.458 


896 


802816 


29.933 


9.640 


847 


717409 


29.103 


9.461 


897 


804609 


29.950 


9.644 


848 


719104 


29.120 


9-465 


898 


806404 


29.966 


9.648 


849 


720801 


29-137 


9.4'''9 

9.472 


899 


808201 


29.983 


9.651 


850 


722500 


29.155 


900 


810000 30.000 


9.655 
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POWERS AND ROOTS.— Table 27a. 




SaXTABES, SaXTABE BOOTS, 


AHD CUBE BOOTS. 

000. 

j 


From OOl to 1, 


Nam. 


Bqnaivs. 


BqnareBoots 


Cube Boots. 


Num. 


Bqnares. 


BqnareSoots 


Gabe Boots.' 

1 


901 


8ix8oi 


30.017 


9.658 


951 


904401 


30.838 


9-834 


90Z 


813604 


30.033 


9.662 


95* 


906304 


30.854 


9-837 


903 


815409 


30 050 


9.666 


953 


908209 


30.870 


9.841 


904 


817216 


30.066 


9.669 


954 


910116 


30.887 


9-844 


905 


819025 


30.085 


9.672 


9SS 


912025 


30.903 


9.847 


906 


820836 


30.100 


9.676 


956 


913936 


30.919 


9-851 


907 


822649 


30 116 


9.680 


957 


915849 


30.935 


9.854 


908 


824464 


50.133 


9.683 


958 


917764 


30.951 


9.858 


909 


826281 




9.687 


959 


919681 


30 968 


9.861 


910 


828100 


9.690 


960 


921600 


80.984 


9.865 


911 


829921 


30.183 


9.694 


961 


923521 


31.000 


9.868 


9i» 


831744 


20.199 


9.697 


962 


925444 


31.016 


9.871 


9<3 


833569 


30.216 


9.701 


963 


927369 


31.032 


9.875 


914 


835396 


30.232 


9-705 


964 


929296 


31.048 


9.878 


915 


837225 


30.249 


9.708 


965 


931225 


31.064 


9.882 


916 


839056 


30.265 


9 712 


966 


933156 


31.080 


9.885 


917 


840889 


30.282 


7.715 


967 


935089 


31.096 


9.889 


918 


842724 


30.298 


9.719 


968 


937024 


31.1x2 


9.892 


919 


844561 


30.315 


9.722 


969 


938961 


31.129 


9.895 


920 


846400 


30.331 


9.726 


970 


940900 


31.145 


9.869 


921 


848241 


30.348 


9.729 


971 


942841 


31.161 


9.902 


9i» 


850084 


30.364 


9-733 


972 


944784 


31.177 


9.906 


923 


851929 


30.381 


9.736 


973 


946729 


31.193 


9.909 


9H 


855776 


30.397 


9.740 


974 


948676 


31.209 


9.912 


9*5 


855625 


30.414 


9-743 


975 


950625 


31.225 


9.916 


926 


857476 


30.430 


9-747 


976 


952576 


31.241 


9.919 


927 


859329 


30.446 


9.750 


977 


954529 


31.257 


9-923 


928 


861184 


30.463 


9-754 


978 


956484 


31.273 


9.926 


929 


863041 


30.479 


9.757 


979 


960M0 


31.305 


9.929 


930 


864900 


30.496 


9.761 


980 




931 


866761 


30.512 


9.764 


981 


962361 


31.321 


9.936 


93* 


868624 


30.528 


9.768 


982 


964324 


31.337 


9-939 


933 


870489 


30.545 


9.771 


983 


966289 


31.353 


9.943 


934 


872356 


30.561 


9-775 


984 


968256 


31.369 


9.946 


935 


874225 


30.578 


9.778 


985 


970225 


31.385 


9.950 


i 936 


876096 


30 594 


9.782 


986 


972196 


31.400 


9.953 


937 


877969 


30.610 


9-785 


987 


974169 


31.416 


9.956 


938 


879844 


30.627 


9.789 


988 


976144 


31-432 


9.960 


959 


881721 


30.643 


9.792 


989 


978121 


31.448 


9-963 


940 


883600 


30.659 


9.796 


990 


980100 


31.464 


9.966 


941 


885481 


30.676 


9-799 


991 


982081 


31.480 


9.970 


942 


887364 


30.692 


9.803 


992 


984064 


31.496 


9.973 


943 


889249 


30.708 


9.806 


993 


986049 


31.512 


9.976 


944 


891136 


30.724 


9.810 


994 


988036 


31.528 


9.980 


' 945 


893025 


30.741 


9-813 


995 


990025 


31-543 


9.983 


946 


894916 


30.757 


9.816 


996 


992016 


31-559 


9.986 


; 947 


896809 


30.773 


9.820 


997 


994009 


31-575 


9.990 


i 948 


898704 


30.789 


9.823 


998 


996004 


31-591 


9.993 


; 949 


900601 


30.806 


9.827 


999 


998001 


31.607 


9.996 


:960 


902500 


30.822 


9.830 


1000 


1000000 


31.623 


10.000 
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POWERS AND ROOTS.— Tablb 27a. 




saxTABEs, sau 

p 


ABE BOOTS, 


AND CUBE BOOTS. 
,100. 


^m 1,001 to 1 


Num. 


Squares. 


SqnareBoots 


Cube Boots 


Num. 


Sqoaies. 


SqnareBoota 


Cube Boots. 


lOOI 


I 00020 I 


31.638 


10.003 


1051 


1 104601 


32 419 


10.167 


I002 


1004004 


31.654 


10. 006 


1052 


1 106704 


32.434 


10.170 


IC03 


1006009 


31.670 


10.010 


1053 


I 108809 


32.450 


10.173 


1004 


I 00801 6 


31.686 


10.013 


1054 


I 110916 


32.465 


XO.176 


1005 


1010025 


31.702 


10.016 


1055 


I 113025 


32.481 


10.180 


1006 


1012036 


31-717 


10.020 


1056 


1115136 


32.496 


10.183 


icx>7 


1014049 


31.733 


10.023 


1057 


III 7249 


32.511 


10 186 


1008 


10 I 6064 


31-749 


10.026 


1058 


I I 19364 


32.527 


10.190 


1009 


101S081 


31.780 


10.030 


1059 


1121481 

1123600 


32.542 


10.193 


1010 


1020100 


10.033 


32.558 


10.196 


lOII 


1022121 


31.796 


10.036 


1061 


1125721 


32.573 


10.199 


lOIZ 


1024144 


31.812 


10.039 


1062 


I I 27844 


32.588 


10.202 


1013 


1026 I 69 


31.828 


10.043 


1063 


XI 29969 


32.603 


10.205 


IOI4 


1028196 


31.843 


10.046 


1064 


I 132096 


32.619 


X0.209 


IOI5 


1030225 


31.859 


X0.050 


1065 


1134225 


32.634 


10.212 


IOI6 


1032256 


31-875 


10.053 


1066 


1136356 


32.650 


10.215 


1017 


1034289 


31 890 


10.056 


1067 


I 138489 


32.665 


10.218 


IOI8 


1036324 


31.906 


10.059 


1068 


I1406H 


32.680 


10.221 


IOI9 


1038361 


31.9" 


10.063 


X069 


I 14276 I 


32.696 


10.225 
10.228 


1020 


1040400 


31.937 


10.066 


1070 


1144900 


32.711 


1021 


1042441 


31.953 


10.069 


1071 


1147041 


32.726 


10.231 


1022 


1044484 


31.969 


10.073 


1072 


1149184 


32.741 


10.234 


1023 


1P46529 


31.984 


10.076 


1073 


1151329 


32.757 


10.237 


X024 


1048576 


32.000 


10.079 


1074 


1 153476 


32.772 


10.240 


1025 


1050625 


32.016 


10.082 


1075 


1155625 


32.787 


10.244 


1026 


1052676 


3^-031 


10.086 


1076 


1157776 


32,802 


10.247 


1027 


1054729 


32.047 


10.089 


1077 


1159929 


32.818 


10.250 


1028 


1056784 


32.062 


10.092 


1078 


1162084 


32.833 


10.253 


1029 


1058841 


32.078 


10.096 


1079 


1164241 


32.848 


10.257 


1030 


1060900 


32.094 


10.099 


1080 


1166400 


32.863 


10.260 


1031 


1062961 


32.109 


10.102 


1081 


1168561 


32.879 


10.263 


1032 


1065024 


32.125 


10.105 


1082 


1170724 


32.894 


10.266 


1033 


1067089 


32.140 


10.109 


1083 


1172889 


32.909 


10.269 


1034 


1069156 


32.156 


10.112 


1084 


1175056 


32.924 


10.272 


1035 


1071225 


32.171 


10.115 


1085 


1177225 


32.939 


10.276 


1036 


1073296 


32.187 


10.118 


1086 


1179396 


32.954 


10.279 


I037 


1075369 


32.202 


10.121 


1087 


1181569 


32.970 


X0.282 


1038 


1077444 


32.218 


10.125 


1088 


1183744 


32.985 


1C.285 


1039 


1079521 


32.233 


10.128 


1089 
1090 


118592X 


33.000 


10.288 


1040 


1081600 


32.249 


10.131 


1188100 


33.015 


10.291 


1041 


1083681 


32-264 


10.134 


1091 


11 9028 I 


33.030 


10.295 


1042 


1085764 


32.280 


10.138 


1092 


1 1 92464 


33.045 


10.298 


1043 


1087849 


3^.295 


10. 141 


1093 


1194649 


33-061 


10.301 


1044 


1089936 


32.311 


10.144 


1094 


1 196836 


33-076 


10.304 


1045 


1092025 


32.326 


10.148 


1095 


1 199025 


33.091 


10.307 


1046 


1094116 


32.342 


10.151 


1096 


1201216 


33.106 


10.310 


1047 


1096209 


32.357 


10.154 


J097 


1203409 


33-121 


10.313 


1048 


1098304 


32.373 


10.157 


1098 


1205604 


33.136 


10.317 


10^ 


1 100401 
1102600 


32.388 


10.160 


1099 


1207801 


33-151 


10.320 


32.404 


10.164 


1100 


1210000 


33.166 


10.323 
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IiOGABITHMS OF NUMBERS.— 100 to 1000— Table 28 



No. 100, Log- 2 000000 to Na 249, Log. 2.396199 



No. 



Dili: 



No. 



Dili: 



No. 



Dili: 



ICX) 


000000 


101 


004321 


lOZ 


008600 


I03 


012837 


lOf 


017033 


105 


021189 


106 


025306 


107 


029384 


108 


0334H 


109 


037426 


110 


04U93 


III 


045323 


112 


049218 


"3 


053078 


114 


056905 


"5 


060698 


116 


064458 


"7 


068186 


X18 


07x882 


119 


075547 


120 


07918X 


X2I 


082785 


122 


086360 


'23 


089905 


124 


093422 


"5 


096910 


126 


1003 7 X 


"7 


X03804 


128 


X07210 


129 


I X0590 


»30 


"3943 


131 


XX727X 


13* 


X 20574 


133 


ia385» 


134 


127105 


135 


X 30334 


136 


133539 


'37 


13672X 


138 


X39879 


^S9 


H3015 


140 


X46128 


X41 


149219 


142 


X52288 


143 


155336 


X44 


X58362 


145 


16x368 


146 


164353 


147 


X67317 


148 


170262 


149 


173x86 



43* 
428 

4H 
420 
4x6 

4" 

408 

404 
400 

397 

393 

389 
386 

383 

379 

376 
373 
370 
366 
363 
360 
357 
355 
35» 
349 

346 
343 
341 

338 
335 

333 
330 
3*8 
325 
323 

3»i 
318 
3x6 
3H 
3" 

309 
307 
305 
303 
30X 

299 
296 

^9S 
292 
291 



150 


X76091 


'51 


178977 


"5* 


181844 


153 


X8469X 


154 


1875*1 


^SS 


19033a 


156 


'93125 


"57 


195900 


158 


198657 


*59 


201397 


x6o 


204120 


i6x 


206826 


162 


209515 


163 


212188 


164 


214844 


165 


2x7484 


166 


220108 


x67 


2227x6 


168 


225309 


169 


227887 


170 


230449 


171 


232996 


172 


235528 


173 


238046 


174 


240549 


175 


243038 


X76 


245513 


X77 


247973 


X78 


250420 


X79 


252853 


180 


255273 


i8x 


257^79 


X82 


26007 X 


183 


262451 


X84 


264818 


x8< 


267x72 


x86 


269513 


187 


271842 


x88 


274158 


X89 


276462 


190 


278754 


X91 


281033 


192 


283301 


193 


285557 


194 


287802 


195 


290035 


X96 


292256 


X97 


294466 


X98 


296665 


199 


298853 



289 

287 
285 
283 

281 

279 
278 
276 

274 
272 

271 

269 

267 

266 

264 

262 
261 

259 
258 
256 

255 
253 
252 
250 
249 

248 
246 

245 
243 
242 

241 

239 

238 

237 
235 

234 

233. 

232 
230 

229 

228 
227 
226 

225 
223 

222 
221 
220 
219 
218 



200 


30x030 


201 


303196 


202 


305351 


203 


307496 


204 


309630 


205 


311754 


206 


313867 


207 


315970 


208 


3x8063 


209 


320146 


210 


322219 


2IX 


324*82 


212 


326336 


2X3 


328380 


214 


330414 


215 


332438 


2X6 


334454 


2X7 


336460 


2X8 


338456 


2x9 


340444 


220 


342423 


22X 


344392 


222 


346353 


223 


348305 


224 


350*48 


225 


352183 


226 


354108 


227 


356026 


228 


357935 


229 


359835 


*3o 


361728 


23 X 


363612 


232 


365488 


233 


367356 


234 


369216 


235 


37x068 


236 


3729x2 


237 


374748 


238 


376577 


239 


378398 


240 


3802 XX 


241 


382017 


242 


383815 


243 


385606 


244 


387390 


245 


389x66 


246 


390935 


247 


392697 


H8 


394452 


249 


396x99 



217 
2X6 

215 

*13 
212 

211 
210 
209 

208 

207 

206 

205 
204 

203 
202 

202. 

201 
199 
199 
198 

197 
X96 

195 
194 

193 

193 
192 
191 
190 
189 

x88 
188 
187 
186 

185 
X84 
X84 
X83 

X82 

181 

X8! 

180 
179 

X78 
X78 

X77 
X76 
X76 
175 
174 



The Lofi. in the Table are 
therefore^ in the Table, ttands 
f 1900 .- •.U7VH1. 



decimals; the Index ikone leaa than the flipiret of the number t the Lnir^ 
Sor any nnmber^tbua, Log. of IS - i.079i«l Lof. of ISO • S.Q79181> Loy. 
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LOGARITHMS OF NUMBERS.— 100 to 1000— Tabu; 28 



Na 250, Log. 2.379940 to No. 899, Log. 2.G00973 



Ko. 



I^. 



DUL 



Ko. 



L(«. 



Dur. 



Dur. 



*5o 

*53 
*54 

»55 
»56 
a57 
258 
*5> 

260 
261 

264 

265 
z66 
i67 
268 
269 

»7o 
*7i 
*7a 
*73 
»74 

*75 
276 
177 
278 
279 

280 
281 
282 

1^ 
284 

286 
287 
288 
289 

290 
291 

*9* 
293 
294 

*95 
296 

297 
298 
299 



397940 
399674 
401401 
403131 
404834 
406540 
408240 

409933 
41 I 620 
4»3300 

414973 
416641 
4«830i 
419956 
421604 

4*3346 
424882 
426511 
4*8135 
43975* 

431364 
433969 
434569 
436163 

43775» 

439333 
440909 
443480 
444045 
445604 

447158 
448706 

450349 
451786 
453318 

454845 
456366 
457882 
459393 
460898 

463398 
463893 
465383 
466868 

468347 
469822 
471393 
473756 
474316 
475671 



70 

69 
69 
68 
67 

67 
66 

6$ 
65 
64 

64 
63 
62 
62 
61 

61 
60 
59 
59 

58 

58 
57 

56 
SS 

55 
54 
54 
53 
53 

53 

5* 
5« 

51 
50 

40 
49 
49 
48 
48 

47 
46 

46 
46 

45 



300 
301 
302 
303 
304 

305 
306 
307 
308 
309 
310 
311 
313 
313 
314 

315 
316 
317 
318 
319 
330 
331 

332 
333 
334 

335 
336 
337 

338 
3*9 
330 
331 
333 
333 
3H 

335 
336 
337 
338 
339 
340 
341 
343 
343 
344 

345 
346 
347 
348 
349 



477131 
478566 
480007 
481443 
48*874 

484300 
485731 
487138 
488551 
489958 

491362 
493760 
494^55 
495544 
496930 

498311 
499687 
501095 
50*437 
503791 

505150 
506505 
507856 
509303 
5*0545 
511883 
513318 
514548 
5«5874 
517196 

5*8514 
<i9828 
521138 
5**444 
5*3746 

5*5045 
5*6339 
5*7630 
5*8917 
530200 

531479 
53*754 
5340*6 
535*94 
536558 

537819 
539076 
5403*9 
541579 
54*8*5 



45 



43 
43 

4* 
4* 
41 
41 
40 

40 
39 
39 
39 
38 

38 
37 
37 
36 
36 

36 
35 
35 
34 
34 

33 
33 
3* 
3* 
3* 

3« 
31 
31 

30 
30 

*9 
*9 
29 

28 

28 

28 
*7 
*7 
26 
26 

x6 

*5 
*5 
35 
34 



350 
351 
353 
353 
354 

3SS 
356 
357 
358 
359 
360 
361 
363 
363 
364 

365 
366 

367 
368 

369 
370 
371 
373 
373 
374 

375 

376 
377 
378 
379 
380 
381 
383 
383 
384 

385 
386 

387 
388 

389 
390 
391 
393 
393 
394 

395 
396 
397 
398 
399 



544068 

545307 
546543 
547775 
549003 

5503*8 
551450 
55*668 
553883 
555094 

556303 
557507 
558709 
559907 
561 101 

56**93 
563481 
564666 

565848 
567026 

568202 
569374 
570543 
571709 
57*87* 

574031 
575188 
576341 
57749* 
578639 

579784 
5809*5 
58*063 

583199 
584331 

585461 
586587 
5877 I I 
588833 
589950 

591065 
593177 
593386 

594393 
595496 

596597 
597695 
598791 
599883 
600973 



34 
34 
*3 
33 
*3 

32 
22 
21 
21 
3t 

20 
20 
20 
19 
19 

19 
19 
18 
18 
18 

17 
17 
17 
16 
16 

16 
"5 

»5 

15 

H 

«4 
"4 
14 
»3 
13 

>3 
12 
12 
12 
12 

II 
II 
II 
10 
10 

10 
10 
09 
09 
09 
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LOGABITHMS OF KUMBERS.— 100 to 1000— Tablb28 



No. 400, Log. 2.602060 to No. 549, Log. 2.739572 



No. 



400 
401 
402 

403 
404 

405 
406 

408 
409 

410 
411 
41a 
4»3 
414 

415 
416 

417 
418 
419 

4ZO 
4*« 
42* 
4*3 
4H 

4*5 
436 

4*7 
4*8 
4*9 

430 
431 
43* 
433 
434 

435 
436 
437 
438 

439 
440 
441 
44* 
443 
444 

445 
446 

447 
448 
449 



Log. 



6c2o6o 
603144 
604226 
605305 
606381 

^7455 
608526 
609594 
610660 
611723 

612784 
613842 
614897 

615950 
617000 

618048 
619093 
620136 
621176 
6222x4 

623249 
624282 
625312 
626340 
627366 

628389 
629410 
630428 
631444 
63*457 

633468 
634477 
635484 
636488 

637490 

638489 
639486 
640481 

641474 
642465 

643453 
644439 
645422 
646404 
647383 
648360 

649335 
650308 
651278 
652246 



Dur. 



08 
08 
08 
08 
07 

07 
07 
07 
06 
06 

06 
06 

05 
05 
05 

05 
04 

04 
04 
04 

03 
03 
03 
03 

02 

02 
02 
02 
01 
01 

01 
01 

00 
00 
00 

00 
99 
99 
99 
99 

98 
98 
98 
98 
98 

97 
97 
97 
97 
97 



No. 



450 
451 
45* 
453 
454 

455 
456 
457 
458 
459 
460 
461 
46* 
463 
464 

465 
466 
467 
468 
469 

470 
471 
47* 
473 
474 

475 
476 
477 
478 
479 
480 
481 
482 
483 
484 

485 
486 
487 
488 
489 

490 
491 
49* 
493 
494 

495 
496 
497 
498 

499 



Log. 



6532x3 
654177 
655138 
656098 
657056 

65801 I 
658965 
659916 
660865 
6618x3 

662758 
663701 
664642 
665581 
666518 

667453 
668386 
669317 
670246 
671x73 

672098 
673021 
673942 
674861 
675778 

676694 
677607 
678518 
6794*8 
680336 

68 1 241 
682145 
683047 
683947 
684845 

685742 
686636 

6875*5> 
688420 
689309 

690196 
691081 
691965 
692847 
6937*7 

694605 
695482 
696356 
697229 
698101 



Dur. 



96 
96 
96 
96 
96 

95 
95 
95 
95 
9S 

94 
94 
94 
94 
94 

93 
93 
93 
93 
93 

92 
9* 
9* 
9* 
9* 

91 
91 
91 
91 
91 

90 
90 
90 
90 
90 

89 

89 
89 
89 
89 

89 
88 
88 
88 
88 

88 
87 
87 
87 
87 



No. 



Lo«. 



500 


698970 


501 


699838 


502 


700704 


503 


701568 


504 


702431 


505 


70329X 


506 


70415* 


507 


705008 


508 


705864 


509 


706718 


510 


707570 


511 


708421 


51* 


709270 


513 


710117 


5H 


710963 


5«5 


71 1807 


Si6 


7x2650 


517 


7x3491 


518 


7x4330 


519 


7x5167 


5*0 


716003 


5*1 


716838 


5** 


71767X 


5*3 


718502 


5*4 


71933' 


5*5 


7*0159 


5^6 


720986 


5*7 


721811 


5*8 


7**634 


5*9 


7*3456 


530 


7*4*76 


531 


7*5095 


53* 


7*59»2 


533 


726727 


534 


7*754' 


535 


7*8354 


536 


7a9>65 


537 


7*9974 


538 


730782 


539 


731589 


540 


73*394 


541 


733>97 


54* 


733999 


543 


734800 


S44 


735599 


545 


736397 


546 


737193 


547 


737987 


548 


738781 


549 


73957* 



Diff. 



87 
87 
86 
86 
86 

«6 

86 
86 

85 
85 

85 
85 
85 
85 
84 

84 
84 
84 
84 
84 

83 
83 
83 
83 
83 

83 
82 
82 
82 
82 

82 
82 
82 
81 
81 

81 
81 
8x 
81 
8f 

80 
80 
80 
80 
80 

80 
79 
79 
79 
79 
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LOGARITHMS OF NUMBERS.— 100 to 1000— Table 28 



No. 550, Log. 2.740363 to No. 699, Log. 2.844477 



No. 



550 
55^ 
SS^ 
553 
554 

555 
556 
557 
558 
559 
560 
561 
562 
563 
5H 

565 
566 

^H 
568 

5^9 
570 
571 
57* 
573 
574 

576 

^H 
578 

579 

580 

581 

58z 

583 

584 

585 
586 

587 
588 
589 

590 
59^ 
59* 
593 
594 

595 
596 
597 
598 
599 



Log. 



740363 
74"5i 
741939 
74*725 
7435>o 

744*93 

745075 
745855 
746634 

7474" 
748188 
748963 
749736 
750508 
75'*79 

75*048 
752816 

753583 
754348 
755"* 

755875 
756636 

757396 
758155 
75891* 
759668 
760412 
761176 
761928 
762679 

7634*8 
764176 

7649*3 
765669 
766413 

767156 
767898 
768638 
769377 
7701 15 
770852 
77*587 
77*3** 
773055 
773786 

774517 
775*46 
775974 
776701 

7774*7 



Diff. 



79 
79 
79 
78 
78 

78 
78 
78 
78 
78 

7 
7 
7 
7 
7 

7 

7: 

7 

76 

76 

76 
76 
76 
76 
76 

75 

75 
75 
75 
75 

75 
75 
75 
74 
74 

74 
74 
74 
74 
74 

74 
73 
73 
73 
73 

73 
73 
73 
73 
7* 



No. 



600 
601 
602 
603 
604 

605 
606 
607 
608 
609 

6jo 
611 
612 

613 
614 

615 
616 
6x7 
618 
619 

620 
621 
622 

6*3 
624 

6zS 
626 
627 
628 
629 

630 
631 

633 
634 

635 
636 

637 
638 
639 

640 
64X 
642 
643 
644 

645 
646 
647 
648 
649 



Log. 



778151 
778874 
779596 
780317 
781037 

781755 
782473 
783189 

783904 
784617 

785330 
786041 

786751 
787460 
788168 

788875 
789581 
790*85 
790988 
791691 

79*39* 
79309* 
793790 
794488 
795*85 
795880 

796574 
797*68 
797960 
798651 

799341 
800029 
800717 
801404 
802089 

802774 
803457 
804139 
804821 
805501 

806180 
806858 

807535 
8082 1 1 
808886 

809560 

810233 
810904 

811575 
812245 



Piff. 



7* 
7* 
7* 
72 
7* 

7* 

7* 

7 

7 

7 

7 
7 
7 
7 

7 

7 

70 

70 

70 

70 

70 
70 
70 
70 
70 

69 
69 
69 

69 
69 

69 
69 
69 
69 
69 

68 
68 
68 
68 
68 

68 
68 
68 
67 
67 

67 
67 
67 
67 
67 



No. 



650 
651 
652 
653 
654 

655 
656 

657 
658 

6S9 

660 
66i 
66z 
663 
664 

665 
666 
66y 
668 
669 

670 
671 
672 
673 
674 

675 
676 

677 
678 

679 
680 
681 
682 
683 
684 

685 
686 
687 
688 
689 

690 
691 
692 

693 
694 

695 
696 

697 
698 
699 



Log. 



812913 
813581 
814248 
814913 

815578 

816241 
81^904 

817565 
818226 
818885 

819544 
820201 
820858 
821514 
822168 

822822 

823474 
824126 

824776 
825426 

826075 
826723 
827369 
828015 
828660 

829304 
829947 
830589 
831230 
831870 

83*509 
833147 
833784 
834421 
835056 

835691 
8363*4 
836957 
837588 
838219 

838849 
839478 
840106 
840733 
841359 
841985 
842609 
843*33 
843855 
844477 



Diff. 



67 
67 
67 
66 
66 

66 
66 
66 
66 
66 

66 
66 
66 
65 
65 

65 
65 

t^ 
65 

65 

65 
65 
6S 
64 
64 

64 
64 
64 
64 
64 

64 

64 

64 

64 
63 

63 
63 
63 
63 
63 

63 
63 
63 
63 
63 
62 
62 
62 
62 
62 
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LOGARITHMS OF NUMBERS.— 100 to 1000— Table 28 



Na 700, Log 2.845098 to No. 849, Log 2.928908 



No. 



i^. 



700 


845098 


70I 


845718 


704 


846337 


703 


846955 


704 


847573 


705 


848189 


706 


848805 


707 


849419 


708 


850033 


709 


850646 


710 


851258 


721 


851870 


71* 


852480 


713 


853090 


714 


853698 


715 


853306 


716 


854913 


717 


855519 


718 


856124 


719 


856729 


720 


85733* 


721 


857935 


722 


858537 


723 


859138 


724 


859739 


725 


860338 


726 


860937 


727 


86x534 


728 


86213X 


729 


862728 


730 


8633*3 


731 


863917 


73* 


8645 I I 


733 


865104 


734 


865696 


735 


866287 


736 


866878 


737 


867467 


738 


868056 


739 


868644 


740 


869232 


741 


869818 


74a 


870404 


743 


870989 


744 


871573 


745 


872156 


746 


872739 


747 


8733*1 


748 


873902 


749 


874482 



Dur. 



62 
62 
62 
62 
62 

62 
61 
61 
61 

6f 

61 
61 
61 
61 
6x 

61 

61 
61 
60 
60 

60 
60 
60 
60 
60 

60 
60 
60 
60 

60 

59 
59 
59 
59 
59 

59 
59 
59 
59 
59 

59 
59 
58 
58 

58 

58 
58 
58 
58 
58 



No. 



750 
751 
75a 
753 
754 

755 
756 
757 
758 
759 
760 
761 
762 
763 
764 

765 
766 

767 
768 
769 
770 
771 
77* 
773 
774 

775 
776 
777 
778 
779 
780 
781 
78» 
783 
784 

785 
786 

787 
788 
789 

790 
791 
792 
793 
794 

795 
796 
797 
798 
799 



Log. 



875061 
875640 
876218 
876795 
877371 

877947 
878522 
879096 
879669 
880242 

880814 
881385 
«8i955 
882525 
883093 

883661 
88422]^ 

884795 
885361 
8859Z6 

886491 
887054 
887617 
888179 
88874a 

889302 
889862 
890421 
890980 
891537 

892095 
892651 
893207 
893762 
894316 

894870 
8954*3 
895975 
896526 
897077 

897627 
898176 
898725 
899*73 
899821 

900367 
900913 
901458 
902003 
902547 



DIff. 



58 
58 
58 
58 
58 

57 
57 
57 
57 
57 

57 
57 
57 
57 
57 

57 
57 
57 
57 

56 
56 
56 
56 
56 

56 
56 
56 
56 
56 

56 
56 
56 

55 
55 

55 
55 
55 
55 
55 

55 

55 
55 
55 
55 

55 
55 
54 
54 
54 



Ko. 



800 
801 
802 
803 
804 

805 
806 
807 
808 
809 

810 
Six 

8l2 

813 
814 

815 
816 

817 
818 
819 

820 
821 
822 
823 
8h 

8*5 
826 

827 
828 
829 

830 
831 
83* 
833 
834 

835 
836 

837 
838 

839 
840 
841 
842 
843 
844 

845 
846 

847 
848 

849 



903090 
903633 
904174 
904716 
905*56 
905796 
906335 
906874 
90741 I 
907949 

908485 
909021 
909556 
910091 
910624 

91 I 158 
91 1690 
912222 
91*753 
913*84 

913814 
914343 
91487* 
915400 
9159*7 

916454 
916980 
917506 
918030 
918555 

919078 
919601 
920123 

9*0645 
921166 

921686 

9222oi5 

9**7*5 
9*3*44 
923762 

9*4*79 
924796 

9*531* 
9*58*8 
9*634* 

9*6857 
9*7370 
9*7883 
928396 
928908 



Bift 



54 
54 
54 
54 
54 

54 

54 
54 
54 
54 

54 
54 
53 
53 
53 

53 
53 
53 
5S 
53 

53 
53 
53 
53 
53 

53 
53 
5* 
5* 
5*- 

5* 
5* 
5* 
52 
5* 

5* 
5* 
5* 
5* 
5* 

5* 
5* 
5* 
51 
5« 

51 
51 
51 
51 
51 
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LOGARITHMS OF NUMBERS.— 100 to 1000— Table 28 



No. 850, Log 2.929419 to No. 999, Log 2.999565 



No. 



850 

851 

85» 
853 
854 

855 
856 

857 
858 
859 
860 
861 
862 
863 
864 

865 
866 
867 
868 
869 

870 
871 
87Z 
873 
874 

875 
876 

877 
878 
879 
880 
881 
88z 
883 
884 

885 
886 
887 
888 
889 

890 
891 
892 
893 
894 

895 
896 

897 
898 

899 



Log. 



929419 
929930 
930440 
930949 
931458 

931966 

93H74 
932981 

933487 
933993 

934498 
935003 
935507 
93601 I 

936514 
937016 
937518 
938019 
938520 
939020 

939519 
940018 
940516 
941014 
941511 

942008 
942504 
943000 
943495 
943989 

944483 
944976 

945469 
945961 
94645a 

946943 
947434 
947924 
948413 
948902 

949390 
949878 
950365 
950851 
951338 

951823 
952308 
95279a 
953276 
953760 



Diir. 



51 
51 
51 
51 
51 

5» 
51 
51 
51 
51 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

50 
50 
so 
50 
50 

50 
50 
49 
49 
49 

49 
49 
49 
49 
49 

49 
49 
49 
49 
49 

49 
49. 
49 
49 
49 

48 
48 
48 
48 
48 



No. 



900 
901 
902 

903 
904 

905 
906 
907 
908 
909 

910 
911 
912 

913 
914 

916 
917 
918 
919 

920 
921 
922 
923 
924 

925 
926 

927 
928 
929 

930 
931 
932 
933 
934 

936 

937 
938 
959 
940 
94X 
942 
943 
944 

945 
946 
947 
948 
949 



Log. 



954243 
954725 
955207 
955688 
956168 

956649 
957128 
957607 
95808^ 
958564 

959041 
9595>8 

959995 
960471 
960946 

961421 
961895 
962369 
962843 
963316 

963788 

964260 
964731 
965202 
965672 

966142 
966611 
967080 
967548 
968016 

968483 
968950 
969416 
969882 
970347 

970812 
971276 
971740 
972203 
972666 

973128 
973590 
974051 
974512 
974972 

975432 
975891 
976350 
976808 
977266 



Dur. 



48 
48 
48 
48 
48 

48 
48 

48 
48 
48 

48 
48 
48 
48 
47 

47 
47 
47 
47 
47 

47 
47 
47 
47 
47 

47 
47 
47 
47 
47 

47 
47 
47 
47 
46 

46 
46 
46 
46 
46 

46 
46 
46 

46 
46 

46 
46 
46 
46 
46 



No. 



950 
951 
95^ 
953 
954 

955 
956 
957 
958 
959 

960 
961 
962 
963 
964 

965 
966 

967 
968 
969 

970 

971 
972 
973 
974 

975 
976 

977 
978 
979 
980 
981 
982 
983 
984 

985 
986 

987 
988 
989 

990 
991 
992 
993 
994 

995 
996 
997 
998 

999 



Log. 



977724 
978181 
978637 
979093 
979548 

980003 
980458 
980912 
981366 
981819 

982271 

982723 

983175 
983626 

984077 

984527 
984977 
985426 

985875 
986324 

986772 
987219 

987666 
988113 
988559 

989005 
989450 
989895 

990339 
990783 

991226 
991669 
992111 
992554 
992995 

993436 
993877 
994317 
994757 
995196 

995635 
996074 
996512 

996949 
997386 

997823 
998259 

998695 
999131 
999565 



46 
46 
46 
46 
46 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 



44 
44 



44 
44 
44 
44 

44 
44 
44 
44 
43 
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SINES 0" to 45* My for each 10 minutes. 



Dega. 



(y 



w 



Sff 



4fy 



5(y 



Degs. 



o 
I 

2 

3 

4 
5 
6 
7 
8 

9 

10 

II 

12 

13 
14 
15 
i6 
17 
i8 
»9 

20 

21 
22 
23 

*5 

26 

a7 

28 
29 

30 

31 
3* 
33 
34 
55 

36 
37 
38 
39 
40 

41 
4* 

43 
44 

45 



8.241855 

.54*8 "9 
.718800 

.843585 
.940296 

9-019^35 
.085894 

.143555 
.194332 
. 239670 

.280599 

.317879 
.352088 

.383<>75 
.412996 

.440338 

.465935 
.489982 
.512642 
.53405a 

•554329 
.573575 
.591878 
.609313 
.625948 

.641842 
.657047 
.671609 
•685571 
.698970 

.711839 
.724210 
.736109 
.747562 
.75859' 
.769219 

.779463 
.789342 

.798872 
.808067 

.816943 
.825511 
.833783 
.841771 
.849485 



463726 

308794 
577566 
742259 
861283 
954499 
031089 
096062 

«5H5i 
202234 

246775 
287048 
323780 
357524 
38871 1 
417684 

444720 
470046 
493851 
516294 

537507 

557606 
576689 

59484* 
612140 
628647 

644423 
659517 
673977 
687843 
701151 

713935 
726225 
738048 

749429 
760390 

770952 
781134 
790954 
800427 
809569 

818392 
826910 

835134 
843076 

850745 



764754 
366777 
609734 
7645" 
878285 
968249 

042625 
105992 
161164 
209992 
253761 

293399 
329599 
362889 
393685 
422318 

449054 
474115 
497682 

519911 
540931 
560855 
579777 
597783 
614944 
631326 

646984 
661970 
676328 
690098 
7033*7 
716017 
728227 
739975 
751*84 
762177 

772675 
782796 
792557 
801973 
811061 

819832 
828301 
836477 
844372 
851997 



7.940842 

8.417919 
.639680 

.785675 
.894643 

981573 

9.053859 
.115698 
•169702 
.217609 
.260633 

.299655 
.335337 
.368185 
.398600 
.426899 

.453342 
.478142 
.501476 
.523495 
.544325 

•564075 
'582840 
•600700 
•617727 
.633984 

.649527 
.664406 
.678663 
.692339 
.705469 
•718085 
•730217 
•741889 
.753128 
.763954 
.774388 
.784447 
.794150 
.803511 
.812544 

.821265 
.829683 
.837812 
.845662 
.85324* 



065776 
463665 
667689 
805852 
910404 
99H97 
064806 
125187 
178072 
225092 
267395 

305819 
340996 

373414 
403455 
431429 

457584 
.482128 

505234 
527046 

547689 
567269 

585877 
603594 
620488 
636623 

652052 
666S24 
680982 
694564 
707606 

720140 
732193 
743792 
754960 
765720 

776090 
786089 

795733 
805039 
814019 

822688 
831058 
839140 

846944 
854480 



8.162681 

505045 
693998 
825130 
925609 
007044 

075480 
'34470 
186280 
232444 
*74049 
311893 
346579 
378577 
408254 
435908 

461782 
486075 
508956 
530565 
551024 

570435 
588890 
606465 
623229 
639242 

654558 
669225 
6.83284 
696775 
709730 

722181 
734157 
745683 
756782 

767475 

777781 
787720 
797307 
806557 
815485 
824104 
832425 
840459 
848218 
855711 



89 
88 

87 
86 

85 
84 

83 
82 
81 
80 
79 
78 
77 
76 
75 
74 

73 
72 
71 
70 
69 

68 

67 
66 

65 
64 

6S 
62 
61 
60 
59 

58 
57 
56 
55 
54 

53 
5* 
51 
50 
49 

48 
47 
46 
45 



Degs. 



6(y 



50' 



40^ 



SO' 



20' 



10' 



Degs. 



COSINES 44* 10' to 90«, for each 10 minutes. 
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SINES 46 


» to 90», 


for each 10 minutes. 


Degs. 


a 


la 


20' 


30' 


40' 


50' 


v^ 


46 


9.856934 


9.858151 


9.859360 


9.860562 s 


>. 861758 


9.862946 


43 


47 


.864127 


.865302 


.866470 


.867631 


.868785 


.869933 


42 


48 


.871073 


.872208 


.873335 


.874456 


.875571 


.876678 


41 


49 


.877780 


.878875 


.979963 


.881046 


•882121 


.883191 


40 


50 


.884254 


.885311 


.886362 


.887406 


.888444 


.889477 


39 


51 


.890503 


.891523 


.892536 


.893544 


.894546 


.895542 


38 


5* 


.896532 


.897516 


.898494 


.899467 


.900433 


.901394 


37 


53 


.902349 


.903298 


.904241 


.905179 


.906111 


•907037 


36 


54 


.907958 


.908873 


.909782 


.910686 


.911584 


.912477 


35 


55 


.9>3365 


.914246 


.915123 


.915994 


.916859 


.917719 


34 


56 


.918574 


.919424 


.920268 


.921107 


.921940 


.922768 


33 


57 


•923591 


.924409 


.925222 


.926029 


926831 


.927629 


32 


58 


.928420 


.929207 


.929989 


.930766 


.931537 


.932304 


31 


59 


.933066 


.933822 


.934574 


•935320 


.936062 


.936799 


30 


60 


.937531 


.938258 


.938980 


.939697 


.940409 


•941117 


29 


61 


.941819 


.942517 


.943210 


.943899 


.944582 


.945261 


28 


62 


.945935 


.946604 


.947269 


.947929 


.948584 


.949235 


27 


63 


.949881 


.950522 


.95^59 


•951791 


.952419 


.953042 


26 


64 


.953660 


.954274 


.954883 


.955488 


.956089 


.956684 


2$ 


6S 


.957276 


.957863 


.958445 


.959023 


.959596 


.960165 


24 


66 


.960730 


.961290 


.961846 


.962398 


.962945 


.963488 


23 


67 


.964026 


.964560 


.965090 


.965615 


.966136 


^966653 


22 


68 


.967166 


.967674 


.968178 


.968678 


.969173 


.969665 


21 


69 


.97015a 


.970635 


.971113 


.971588 


.972058 


•972524 


20 


70 


.972986 


.973444 


.973897 


.974347 


.974792 


•975233 


19 


71 


.975670 


.976103 


.976532 


.976957 


.977377 


•977794 


18 


7» 


.978206 


.978615 


.979019 


.979420 


.979816 


.980208 


17 


73 


.980596 


.980981. 


.981361 


.981737 


.982109 


.982477 


16 


74 


.982842 


.983202 


.983558 


.9839" 


.984259 


.984603 


15 


75 


.984944 


.985280 


.985613 


.985942 


.986266 


.986587 


14 


76 


.986904 


.987217 


.987526 


.987832 


.988133 


.988430 


13 


77 


.988724 


.989014 


.989300 


.989582 


.989860 


.990134 


12 


78 


.990404 


.990671 


.990934 


.99"93 


.991448 


.991699 


II 


79 


.991947 


.992190 


.992430 


.992666 


.992898 


•993127 


10 


80 


.99335* 


.993572 


.993789 


.994003 


.994212 


•994418 


9 


81 


.994620 


.994818 


.995013 


.995203 


.995390 


•995573 


8 


82 


.995753 


.995928 


.996100 


.996269 


.996433 


•996594 


7 


83 


.996751 


.996904 


.997053 


.997199 


.997341 


•997480 


6 


84 


.997614 


.997745 


.997872 


.997996 


.998116 


.998232 


5 


4 


.998344 


.998453 


.998558 


.998659 


.998757 


.998851 


4 


86 


.998941 


.999027 


.9991^0 


.999189 


.999265 


•999336 


3 


87 


.999404 


.999469 


.999529 


.999586 


.999640 


•999689 


2 


88 


.999735 


.999778 


.999816 


i99985» 


.999882 


.999910 


I 


89 


.999934 


.999954 


.999971 


.999983 


.999993 


.999998 





90 


10.000000 












•«• 


Degs. 


60' 


50' 


40' 


30' 


20' 


10' 


D.g^ 


y .J 


COi 


5INES 


^ to 44% 


for each 


lOminu 


- 1 
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TRIGONOMETRIC RATIOS.— Tab 


LE 30. 






HATURAL 8IHE8, TAVQEHTt 


, AHD SECAHT8, 






WITH Tsnm ooeiirai. ooTAKeBsm, AHD OMKUnn, 1 






IfpU.—Vnm o 


to4$dtgree8tlien«iwof the oolumn last fbe head of the p^(e; from 1 


4Sto 


9odegreM 


thenemeoftheoolamniaatthefootof thepege. | 


Arc. 


Sine. 


Godne. 


Tangent. 


Cotan. 


Secant. 


CkMee. 


Are. 


©• 


.000000 


I. 000000 


•000000 


Infinite. 


I. 000000 


Infinite. 


90" 


I 


.oi74.<2 


.999848 


•017455 


57.28996 


1.000152 


57.29869 


89 


a 


.034899 


.999391 


.034921 


28.63625 


1.000609 


28.65371 


88 


3 


.05233^ 


.998630 


.052408 


19.08114 


I. 001372 


19-10732 


87 


J 


.069756 


.997564 


.069927 


14.30066 


1.002442 


14-33559 


86 


6 


.08715^ 


.996195 


.087489 


11.43005 


I .003820 


1 '•47371 


85 


6 


.104528 


.994522 


.105104 


9.514365 


1.005508 


9.566772 


84 


7 


.121869 


.992546 


.122784 


8.144346 


I. 007510 


8.205509 


83 


8 


•139173 


.990278 


.140541 


7.115370 


I .009828 


7.185297 


82 


9 


•156434 


.987688 


.158384 


6.313752 


I .012465 


6.392453 


81 


10 


.173648 


.984808 


.176327 


5.671282 


1.015427 


5^758771 


80 


II 


.190809 


.981627 


.194380 


5.144554 


X. 018717 


5.240843 


79 


12 


.207912 


.978148 


.212557 


4.704630 


X .022341 


4^809734 


78 


«3 


•224951 


•974370 


.230868 


4.331476 


1.026304 


4^445411 


77 


«4 


.241922 


.970296 


.249328 


4.010781 


1.030614 


4.133566 


76 


16 


.258819 


.965926 


.267949 


3.732051 


I 035276 


3.863703 


75 


i6 


.275637 


.961262 


.286745 


3.487414 


1.C40299 


3.627955 


74 


17 


•292372 


•956305 


.305731 


3.270853 


1.045692 


3.420304 


73 


i8 


.309017 


.951056 


.324920 


3.077684 


I. 05 1462 


3.236068 


72 


19 


.325568 


.945519 


.344328 


2. 90421 I 


X. 057621 


3.071554 


71 


20 


. 342020 


•939693 


.363970 


2.747477 


1.064178 


2.923804 


70 


21 


.358368 


•933580 


.3838-^4 


2.605089 


1. 071 145 


2.790428 


69 


22 


.374607 


.927184 


.404026 


2.475087 


1.078535 


2.669467 


68 


23 


.390731 


.920505 


.424475 


2.355852 


1.086360 


2.559305 


67 


24 


.406737 


.913546 


.445229 


2.246037 


1.094636 


2.458593 


66 


25 


.422618 


.906308 


.466308 


2.144507 


X.X03378 


2.366202 


65 


26 


.438371 


.898794 


.487733 


2.050304 


1.112602 


2 281172 


64 


27 


.453991 


.891007 


.509525 


1.962611 


X. 122326 


2.202689 


63 


28 


.469472 


.882948 


.531709 


1.880727 


X. 132570 


2.130045 


6z 


29 


.484810 


.874620 


.554309 


1.804048 


1.143354 


2.062665 


61 


30 


.500000 


.866025 


.577350 


1.732051 


X. 154701 


2.000000 


60 


31 


.515038 


.857167 


.600861 


I . 664280 


1.166633 


1.941604 


59 


32 


.529919 


.848048 


.624869 


1.600335 


X. 179178 


1.887080 


58 


33 


.544639 


.838671 


.649408 


1-539865 


1.192363 


1.836079 


57 


..^ 


.559193 


.829038 


.674509 


1.482561 


X. 206218 


X. 788292 


56 


35^ 


■>«3576 


.819152 


.700208 


I. 428 I 48 


1.220775 


1.743447 


55 


36 


.587785 


.809017 


.726543 


1.376382 


1.236068 


I. 701 302 


54 


37 


.601815 


.798636 


.753544 


1.327045 


I. 252136 


I. 661640 


53 


38 


.615661 


.788011 


.781286 


1.279942 


X. 26901 8 


1.624269 


52 


^l 


.629320 


.777146 


.809784 


1.234897 


X. 286760 


X. 5890x6 


s> 


40 


.642788 


.766044 


.839100 


I. 191754 


1.305407 


1.555724 


41 


.656059 


.754710 


.869287 


1.150368 


1-325013 


1.524253 


49 


42 


.669131 


•743145 


.900404 


I. 110613 


1.345633 


1.494477 


48 


43 


.681998 


•731354 


•932515 


I .072369 


1.367328 


I .466279 


47 


44 


.694658 


.719340 


.965689 


1 -035530 


X. 390164 


1.439557 


i^ 


45 


.707107 


.707107 


I. 000000 


I. 000000 


1.414214 


1.414214 


45 


Arc. 


Cosine. 


Sine. 


Cotan. 


Tangent. 


Gojec. 


Secant. 


Arc. 
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TABLES 31, 31a, and Sib. 
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TABLE FOB PIHDnrO VALUE 


1 


ANNUITIES AND LEASE 

JM«.— The tebolAT nnmber in the eoln 
nnmber of yean the leMe is to oontii 
Tftloe. 


S, HELl 


D FOR A CERTAIN TERM, 

estimated rate of interest, opposiie the 
^lied by the amraal rental, vM giTO the 


mnof the 
me^mnlti] 


For Freeholds, take the number in the Hne nuoked "Fop," from the eolomi of fbB 1 
estimated rate of interest. 1 


Lease, 
Ami, 


YEABS' PUBCHASE. 1 


8 V Cent 


4 V Cent. 


SiP'Cent. 


6^ Cent 


TiP'Cent 


SiP'Gent 


9V^Ceai.lOV^CeaaL | 


a 

lO 
15 

ao 


4.58 

8.53 

11.94 

14.88 


4-45 

8.11 

II. 12 

13.59 


4.33 

7.72 

10.38 

12.46 


4.21 

7.36 

9.71 

11.47 


4.10 

7.02 

9.11 

10.59 


3.99 
6.71 
8.56 
9.82 


3.89 
6.42 
8.06 
9.13 


3.79 
6.14 
7.61 
8.51 


ai 
aa 
as 
a4 
aa 


15.42 
J5-94 
16.44 
16.94 
17.41 


'4.03 
H-45 
14.86 

15.25 
15.62 


12.82 
13. »6 

13-49 
13.80 
14.09 


11. 76 
12.04 
12.30 

12.78 


10.84 
11.06 
11.27 
11.47 
11.65 


10.02 
10.20 
10.37 
10.53 
10.67 


9.29 
9.44 
9.58 
9.71 
9.82 


8.65 
8.77 
8.88 
8.99 
9.08 


aa 
a7 

as 
a9 
ao 


17.88 

18.33 
18.76 
19.19 
19.60 


15.98 

16.33 
16.66 
16.98 
17.29 


14.38 
14.64 
14.90 
15.14 
15-37 


13.00 
13.21 
13.41 
13.59 
13.77 


11.83 
11.99 
12.14 
12.28 
12.41 


10.81 

10.94 
11.05 
11. 16 
11.26 


9.93 
10.03 
10.12 
10.20 
10.27 


9.16 
9.14 
9.31 
9.37 
9.43 


ai 
aa 
aa 
a4 
aa 


20.00 
20.39 
20.77 
21.13 
21.49 


17.59 
17.87 
18.15 
18.41 
18.67 


15.59 
15.80 
16.00 
16.19 
16.37 


13.93 
14.08 
14.23 
14.37 
14.50 


i».53 
12.65 

12.75 
12.85 

12.95 


11.35 
11.43 
11.51 

11.59 
11.65 


10.34 
10.41 
10 46 
10.52 
10.57 


9.48 
•9.53 
9.57 
9.61 
9.64 


37 
38 
39 

40 


21.83 
22.17 
22.49 
22.80 
23 12 


18 91 
19.14 

19.37 
19.58 

19.79 


i<5. 55 
16.71 

16.87 
17.02 
17.16 


14.62 
14.74 
14.85 
14.95 
»5-o5 


13.04 
13.12 
13.19 
13.26 

13.33 


11.72 
11.78 
11.83 
11.88 
11.93 


10.61 
10.65 
10.69 

10.73 
10.76 


9.68 
9.71 
9.73 
9.76 
9.78 


45 

ao 
aa 

ao 

70 


24.52 
25.73 
26.77 
27.68 
29.12 


20.72 
21.48 

22.11 
22.62 
23-40 


17.77 
18.26 
18.63 
18.93 
19.34 


15.46 
15.76 

15.99 
16.16 
16.39 


13.61 
13.80 

13-94 
14.04 
14.16 


12. II 
12.23 

12.32 
12.38 
12.44 


I0.88 
10.96 
II. 01 
11.05 
11.08 


9.86 
9.92 
9.95 
9.97 
9.99 


80 

90 

lOO 

Perpa 


30.20 
31.00 
31.60 
33.33 


23.92 
24.27 

25.00 


19.60 

19 75 
19.85 
20.00 


16.51 
16.58 
16.62 
16.67 


14.22 
14. a5 
14.27 
14.29 


12.47 
12.49 
12.49 
12.50 


11.10 
11.11 
11.11 
11.11 


10.00 
10.00 
10.00 
10.00 
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ANNUITIES AND LEASES.—' 


Table 31a. 


TABLE FOB FINSnra VALUE 




OF 

ANNUITIES AND LEASES, HEL 


t) FOR . 

estimated n 


fL SINGLE LIFE. 


Bule.— The tabular number ia the oolamn of the 


age of the life in the first column, multiplied by the annoal rental, wiU give the {| 


value. 






Teari 
Age. 


TEABS' PUBCHASE. 1 


3 ^ Cent. 


4 ^ Cent. 


6 ^ Cent 


eiP'Cent 


7«P'Cent 


giP'Cent. 


XO 


20.66 


17. 5i 


15.14 


13.28 


II. 8l 


10.61 


15 


19.66 


16.79 


14.59 


12.86 


11.47 


10.34 


16 


19.44 


16.63 


14.46 


12.76 


11.38 


10.27 


17 


19. 2Z 


16.46 


14.33 


12.66 


11.30 


10.20 


18 


19.01 


16.31 


14.2* 


12.56 


11.23 


10.14 


19 


i8.8i 


16.17 


14.11 


12.48 


11. x6 


10.08 


ao 


.18.64 


16.03 


14.01 


12.40 


11.09 


10.03 


ai 


18.47 


>5-9i 


13.9* 


12.33 


11.04 


9-99 


aa 


18.31 


15.80 


13.83 


12.27 


10.99 


9.95 


aa 


18.15 


15.68 


13.75 


12.20 


10.94 


9.91 


a4. 


17.98 


15.56 


13.66 


12.13 


10.89 


9-87 


as 


17.81 


15.44 


13.57 


12.06 


10.84 


9.82 


aa 


17.64 


15.31 


13.47 


11.99 


10.78 


9.78 


a7 


17.47 


15.18 


13.38 


11.92 


10.72 


9-73 


as 


17.29 


15.05 


13.28 


XI. 84 


10.66 


9 69 


aa 


17. II 


14.92 


13.18 


11.76 


10.60 


9.64 


30 


16.92 


14.78 


13.07 


11.68 


10.54 


9.58 


31 


16.73 


14.64 


12.97 


11.60 


10.47 


9.53 


32 


16.54 


14.50 


12.85 


11.51 


10.40 


9.48 


33 


16.34 


14.35 


12.74 


11.42 


10.33 


9.42 


34 


16.14 


14.20 


12.62 


11.33 


10.26 


9.36 


35 


15.94 


14.04 


11.50 


11.24 


10.18 


9.30 


36 


15.73 


13.88 


IZ.38 


11. 14 


10.10 


9.23 


37 


^S'S^ 


13.72 


12.25 


11.04 


10.02 


9.16 


38 


15.30 


13.55 


12.12 


10.93 


9.94 


9.09 


39 


15.08 


13.38 


11.98 


10.82 


9-85 


9.02 


40 


14.85 


13.20 


11.84 


10.71 


9.75 


8.94 


45 


13-69 


12.28 


II. 11 


10.11 


9.26 


8.55 


SO 


12.44 


11.26 


10.27 


9.42 


8.68 


8.04 


55 


11. 15 


10.20 


9-38 


8.67 


8.05 


7 -JO 


60 


9.78 


9.04 


8.39 


7.82 


7.31 


6.86 


70 


6.73 


6.36 


6.02 


5.72 


5-43 


S.18 


80 


3.78 


3.64 


3.52 


3.39 


3.28 


3->? 


90 


1.79 


1.76 


1.72 


1.69 


1.66 


1.63 



D2 
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ANNUITIES 


AND 


LEASES.— Table 81b. 


TABLE SHEWnrO PBESENT VALUE 07 A BEVEBSIOH || 




nr PEEFETUITT, || 


AFTER ANY GIVEN TERM. FROM 10 TO 60 YEARS, | 


-Biifa^T 


At 

lie tabular nni 


Bates of Interest from 3 to 8 per Cent. 1 


aber in the column of the estimated rate of interest, opposite tbe 1 


number of years to run, multiplied by the rental, will give the value. { 1 




Years' 


Years' 


Years' 


Years' Years' 


Years' Years' || 


Yean 


Purchase 


Purchase 


Purchase 


Purchase Purchase 


Purchase 


Porehase 1 


y}^ 


at 


at 


at 


at at 


at 


at 1 




8 IP- Cent. 


4^ Cent 


6 lucent 


eiP'Cent 7^ Cent 


giP'CentlO^C«it|| 


lO 


H.80 


16.89 


12.28 


I'^l 


7.26 


5-79 


3.85 


IS 


23.38 


15.61 


11.14 


8.28 


6.34 


4.96 


3.17 


14 


22.04 


14.44 


10. lO 


7.37 


5.54 


4.26 


».63 


16 


20.77 


M.35 


9.16 


6.56 


4.84 


3.65 


a. 18 


18 


19.58 


12.34 


8.31 


5.84 


4.23 


3.X3 


1.80 


ao 


18.46 


11.41 


7.54 


5.20 


3.69 


2.68 


1.48 


aa 


17.40 


10.55 


6.84 


4.62 


3.« 


a.30 


1.23 


a4 


16.40 


9-75 


6.20 


4.12 


2.82 


1.97 


X.OI 


aa 


15.4^ 


9.02 


5.62 


3.66 


2.46 


t.69 


.84 


as 


H.57 


8.34 


5.10 


3.26 


z.iS 


1.45 


.69 


so 


»3.73 


7.71 


4.62 


2.90 


1.88 


t.24 


•57 


as 


12.94 


7.13 


4.20 


2.58 


1.64 


1.06 


•47 


S4 


12.20 


6.59 


3.81 


2.30 


1-43 


'^l 


.39 


S6 


".50 


6.09 


3.45 


2.05 


i.»5 


.78 


.3a 


SS 


10. 84 


5.63 


3-«3 


Z.82 


1.09 


.67 


.a7 


40 


10.22 


5..X 


2.84 


1.62 


.95 


.57 


.22 


4S 


9.63 


4.81 


2.58 


1.44 


.83 


.49 


.18 


44 


9.08 


4.45 


».34 


1.28 


•73 


.4* 


.'5 


46 


8.55 


4. II 


2.12 


X.14 


.63 


.36 


• 12 


4S 


8.07 


3.80 


1.92 


1.02 


'$$ 


.31 


.zo 


50 


7.60 


3.5* 


1.74 


.90 


.48 


.27 


.08 


5a 


7.17 


3.25 


1.58 


.81 


.4» 


.^3 


.07 


54 


6.76 


3.01 


1.43 


.1Z 


.37 


.20 


.06 


56 


6.37 


2.78 


1.30 


.64 


•3J 


.17 


.05 


58 


6.00 


2.57 


1.18 


.57 


.28 


.14 


.04 


60 


5-66 


2.38 


1.07 


.51 


.25 


.12 


.03 


SHEV 


Table 31c. 
nSQ THE VALUE OP AIT 




. 


AinnJITT 0? £100, 11 


01 


^ A SINGLE LIFE FROM 10 TO 90 YEARS OF AGE. 




As Fixed by the legacy Act 


Ago. 


Value. 


Age. 


Valne. 


Age. 


Valne. 


Age. 


Value. 




£ a. 




£ 9. 




£ 8. 




£ <. 


lO 


i,75» <5 


SO 


1,478 2 


50 


1,126 8 


70 


636 2 


15 


1,679 2 


as 


1,403 18 


55 


1,020 2 


75 


496 4 


SO 


1,603 6 


40 


1,319 14 


SO 


903 18 


SO 


364 6 


S5 


1,543 16 


45 


1,228 6 


65 


776 2 


00 


175 l^ 
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TIDES OF BEITISH PORTS. 



DESCSIPTIOV OF TABLES 32. 32a, 32b, 33, 34 ft 3& 



These tables, which are chiefly based on the notes to the Admiralty 
tide tables, will be found nsefiil, not only for finding the heights and 
times of high water at the yarious ports mentioned, bat also for tracing 
the progress of the tidal waye, and for readily ascertaining when any 
particularly high or low tide may be expected, by the rise attached to 
the different hoars of the moon's declination at noon. 

Table 32 Si^es the constants for finding the time of high water at 
twenty places ; no other corrections are giyen, as they are too small to 
affect the yalidity of the result ; a light breeze would occasion a greater 
yariation than the largest correction that can be applied for time, and 
often for heights. 

Table 3»a g^^es the constants for finding the heights of high water 
at the same twenty places ; for greater accuracy, the corrections for the 
moon's declination and parallax given in Table 32ft must be applied. 

Table 32b giyes the corrections of height for the moon's declination 
and pandlax for twenty places, which are to be applied to the constants 
previously found in Table 32a. 

Table 84 contains the moon's transit and declination at noon, for 
the years 1852, 1853, and 1854, from the Nautical Almanac, New moon 
and full moon occur when the transit is at 12 and 24 hours respectively. 

Table 35 &^^ the moon's horizontal parallax at noon, for every 
fifth day of the month, for 1852, 1853, and 1854 ; the intermediate days 
may be averaged accurately enough for the corrections of Table 326. 

Tables 32 and 32a give the time and heights for a London tide two 
days following the transit, to be taken as a datum ; for tides at the other 
specified pla^, take the additions shewn in Table 32. The time in 
Tables 34 and 35 is mean solar; therefore, for reducing all the times of 
the tables to common time, correction must be made from an almanac 
according to the season* 

^ElxAXPLE.—Bequired the Time and Height of High Water at HuU, on 
January 24th, 1852. 

D. H. K. 

Moon's transit on January 22nd, at 1 13 

Table 32 gives for lb. 13m. at Hull 1 19 10 

The time of high water following noon of Jan. 22nd 1 20 23 
or 8h. 23m. a.m. mean solar time on January 34th. 

Feet 

The same transit gives, by Table 32a 20.63 

Correction for declination on January 22nd, viz., 18 deg. — .16 
„ parallax „ viz., 55 min. — .63 

The height of high water, when corrected, being 19.84 

on January 24th, or 19 feet 10 ins. at 8.23 a.nL 

Table 33 gi^es the mean spring range, and the constants of time and 
heights of high water, for a number of places, to be added or deducted, 
in reference to the standard places designated in black letters at the 
head of each division ; the time and heights of these leading places being 
found from the tables 32, 32a, and 326, in connection with the moon's 
transit, as before described. It must be recollected that whatever the 
tide may range on the^particular day required at the standard place, yet 
the constant difference at any other place, referred to such standard, will 
be the same; the places being in fact both situate on co-tidal lines. 
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TIDES OF BRITISH PORTS. 



ExAHPLS.^-Ze< it be required to find the Time and Height of High 
Water at Great Grimsby on the same date, viz,, January 24th, 1852. 
Hall is the port of reference for Great Grimsby. The h. k. 
time of high water there, by the former example, is 8 23 a.m. 
Constant for Great Grimsby • — 53 

Giving for the time of high water. ... 7 30 a.m. 

Ft. In. 
Height of high water at Hall on January 24th. ... 19 10 
Constant for Great Grimsby — 1 8 

Giving for the height of high water . . 18 2 

THE BEVONPOBT TIDAL CONSTANTS, in Table 326, were reduced 
by Dr. WheweU, from observations made at Devonport; the times being 
deduced from three and the heights from five years observations. 

The method of using them is very similar to that of the other tables, 
but in order to make it clearer, an example is given below. 

To find the Time and Height of High Water at Devonport, on 
January 26eA, 1853. 

h. m. 

Moon's transit, January 24th * * 12 03 

T4a>le 38 gives 6 33 

^^e of high water, January 26th, being 18 36 

or 6h. 36m. a.m« 

To find the height, — Feet. 

The above transit gives 15 .37 

Correction for decUnation, 23 deg. 35 

Height of high water, January 26th, being 15 .02 

To find the Height of Low Water and the Range of the Tide, 

The zero of heights in Tables 32 and 32a, is the mean height of low 

water at spring tides. 
The low water of any one tide is generally as much above the mean 

low water as the high water of the same tide is below mean high water; 

and if the high water be above mean high water, the low water is as 

much below the zero of the tables. 

"EjuvsiXi,— Required the Height of Low Water and the Range of Tide 
at Hully on January 22nd, 1852. 

Ft. In. 

Height of high water as above 20 5 

Hean height of high water at spring tides, above zero. . 20 10 

Therefore high water at Hull, on the 22nd January, 1852, will be 5 ins. 
below that of mean spring tide, and low water will be 5 ins. above zero ; 
therefore the ranpe of the day will be 20 ft, 10 ins. — 2X5 = 20 feet» 

To find the height of the tide at say four hours firom high water of the 
above day, take multiplier for four hours from Table 246, page 47, = 
.258 X 20 feet, = 5.16 feet above the low water of the day, which being 
5 inches above zero of the tables, .42 is to be added to the above, making 
the height of the tide, at 4 hours ebb, 5.58 feet above zero of the tables. 
In contracted places and rivers, the tide flows faster than it ebbs, as will 
be seen in our various examples; this was also found to occur even 
throughout the Irish Sea, by Captain Beechey. 

Table 32c shews the state of tide at each half-hour of rise or fall, for 
tides ranging from 6 to 40 feet ; this will give by inspection a more 
accurate resdt than the foregoing rule. 
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TIDES OP BRITISH PORTS,- 


-Table 82. 




TABLE FOB OOXFUinrO IDEE OF HIOH WAXES, 




For TWrC^ Placet tpee^kd, 








between fhe Moon'i Trnmlt, two days preeedlng a London Tld<^ and tbe Time of 




High Water; the Moon'a FanOIaz being ST, her DecUnation 1B»; the Sim'e 




Fuallaz r-6^ and Deellnatlon 10''. 




Sp 


Brart. 


ss^ 


Bom. 


ghaor- 
aeM. 


London. 


HarwidL HnU. 










d h m 


d h m 


d h m 


d h m 


d h m 


d h n 


d h m 




O O 


' ♦*♦ 


I 12 21 


I " 54 


X 156 


» 3 X3 


2 I 9 


1 19 28 




1 o 


I 4 8 


I 12 08 


I " 43 


2 I >9 


X » 57 


a 54 


I 19 12 




fl o 


I 3 5* 


I " 53 


X IX 32 


2 I 22 


2 24X 


X 40 


I 18 57 




• o 


» 3 39 


I II 40 


I II 21 


2 I 9 


2 2 29 


2 27 


I 1845 




4. O 


> 3 33 


I II 32 


X II 13 


* I 3 


2 2 23 


X 18 


I 18 39 




a o 


I 3 35 


I II 31 


I II 12 


2 I 10 


2 2 28 


X XI 


X x8 54 




• o 


I 3 56 


I XI 49 


I II 22 


a I 37 


X 251 


X 044 


I 19 18 




7 O 


> 4 33 


I 12 21 


I II 47 


2 2 12 


2 3 24 


X I xo 


I 19 42 




8 O 


X 4 56 


I 12 47 


I 12 12 


» » 3* 


X 3 47 


» X 39 


I 20 I 




9 O 


I 500 


» " 54 


I 12 16 


» » 33 


a 3 50 


X I 44 


I 20 X 




lO o 


I 4 51 


I 12 47 


X 12 13 


2 a 24 


» 3 43 


X I 37 


X X9 53 




11 o 


! f?« 


X X2 34 


I 12 04 


2 2 10 


X 3 X9 


X X 24 


1 19 4X 




^ 


tt'- 


UtOL 


Tbnzio* 


rtiMiiwinnV 


limpool 


^ 


Westoii 




h. m. 


d h m 


d h m 


d h m 


d h m 


d h m 


d h m 


d h m 




o o 


1 i6 l8 


I 15 15 


I 9 (H 


I 12 48 


1 12 02 


X 6 51 


X 7 34 




1 o 


I l6 02 


X 15 00 


X 8 50 


I 12 34 


I II 46 


X 6 35 


I 7 x8 




fl o 


I 15 4« 


X 14 47 


* 8 37 


I 12 18 


X XI 33 


X 6 20 


I 7 00 




• o 


I 15 38 


I 14 36 


I 8 28 


I 12 04. 


1 II 22 


I 6 07 


I 6 42 




4. O 


I 15 35 


I 14 34 


I 8 26 


I " 55 


X II 14 


X 5 55 


I 6 24 




a o 


I 154a 


I H45 


X 8 35 


X II 56 


I XI 17 


X 5 $0 


I 6 17 




6 O 


I 16 08 


I 15 13 


I 9 06 


X 12 15 


X 11 43 


X 5 58 


X 6 34 




7 O 


X 16 36 


I 15 4* 


I 9 43 


I 12 46 


X 12 15 


X 6 32 


X 7 07 




8 O 


X 16 5x 


I 15 58 


I 9 S9 


I 13 09 


I 12 36 


X 7 03 


X 7 37 




9 O 


I 16 55 


I 15 55 


I 9 54 


I 13 14 


I 12 40 


X 7 X4 


X 7 54 




lO o 


I 16 49 


1 15 47 


X 9 38 


X 13 10 


X X2 33 


I 7 X4 


X 7 SS 




11 o 


X 16 34 I 15 33 1 


I 9 21 


I 13 01 I 12 20 1 X 7 05 


I 7 47 




t£1%'I. 


HolyhMd. 


Cliffs* 


Belfkit. 


ffligo. 


Oalway. 


town* 




h. m. 


d h m 


d h m 


d h m 


d h m 


d h m 


d h m 




o o 


I 1047 


I II 47 


X XI 25 


X 6 37 


I 5 X4 


X 5 4X 




1 o 


I 10 30 


I " 34 


I XI 09 


I 6 22 


I 5 00 


I 5 x5 




a o 


I 10 18 


I II 21 


I 10 57 


I 5 09 


I 4 46 


I 5 XI 




a o 


I to 10 


I II 10 


I 10 49 


X 5 55 


X 4 35 


X 4 57 




4. o 


I 10 07 


I II 06 


I 10 49 


X 5 54 


X 4 3x 


X 4 45 




a o 


X 10 x6 


I XI 15 


X xo 57 


I 6 II 


X 4 36 


I 4 42 




6 o 


I 10 46 


X XI 38 


X II 20 


X 6 38 


I 5 01 


I 5 00 




7 o 


X II 16 


X 12 03 


I II 48 


X 7 04 


X 5 33 


X 5 3x 




8 O 


I XI 31 


I 12 21 


I 12 06 


X 7 x5 


X 5 49 


X 5 59 




9 O 


I XI 31 


I 12 28 


I 12 05 


I 7 X2 


X 5 50 


I 6 08 




lO o 


I II 20 


I 12 19 


1 IX 56 


I 7 04 


X 5 4a 


I 6 04 




11 c 


> 


I IX 


06 


I 12 


03 


I I 


142 


I 


65* 


I 


5 29 1 


X 5 53 
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TIDES OF BRITISH PORTS.— Table SSa. 



TABLE FOB GOMPXTTnTG HEIGHTS OF HIGH WATEB, 

For Twenty Places specified. 
Showing the Semi-menstmal Inequality, ^ a constant^ in the Height of High Water, 
with refeience to the apparent Solar time of the Moon's Transit B, tiie Moon's 
Parallax being 67', and her Deelination 16°; the Sim's Parallax 8"*8^ and Declina- 
tion 150. 



Transit 


Brest 


Ports- 
mouth. 


Bover. 


Sheer- 
ness. 


London. 


Harwich 


HnU. 


h. m. 


Feet 


Feet. 


Feet 


Feet 


Feet 


Feet 


Feet 





19.06 


12.62 


18.66 


16.10 


19.51 


11.56 


20.87 


1 


18.92 


12.51 


18.61 


15.96 


19.45 


11.38 


20.75 


a 


18.36 


12.29 


18.24 


15.59 


19.10 


11.10 


20.17 


3 


17.31 


11.84 


17.54 


14.98 


18.48 


10.72 


19.18 


4. 


15-88 


11.24 


16.48 


14.17 


17.65 


10.28 


18.05 


a 


H-47 


10.57 


15.36 


13.46 


16.85 


9.88 


16.96 


e 


13.83 


10.07 


14.51 


13.10 


16.33 


9.72 


16.34 


7 


14.08 


10.19 


14.7a 


13.48 


16.39 


9.95 


16.78 


8 


15.17 


10.91 


15.75 


14.21 


17.00 


10.43 


18.06 


9 


16.66 


11.62 


16.85 

17.78 


14.96 


17.85 


10.94 


19.22 


10 


18.03 


12.18 


15.61 


18.64 


11.38 


20.09 


11 


18.84 


IZ.52 


18.41 


16.03 


19.22 


11.57 


20.63 


Xranslt 


«'■ 


Leith. 


Thnxso. 


Oxeenook 


Liverpool 


a 


Weston 


h. m. 


Feet. 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 





14.43 


16.29 


13.25 


9.72 


25.50 


21.00 


37.27 


1 


14. z6 


16.00 


13.00 


9.71 


a5.43 


20.82 


37.09 


a 


13.71 


15.54 


12.46 


9.61 


24.68 


20.24 


36.37 


d 


13.01 


14.88 


11.67 


9.33 


23.66 


19.25 


34.83 


A 


1Z.22 


13.92 


10.76 


9.00 


22.30 


17.96 


32.67 


5 


11.46 


13.05 


9.98 


8.64 


20.98 


16.58 


30.34 


e 


11.02 


12.58 


9'S^ 


8.29 


20.33 


15.63 


28.79 


7 


11.25 


12.87 


9.61 


8.29 


20.48 


15.77 


29.08 


8 


12.09 


13.60 


10.30 


8.67 


21.79 


17. CO 


30.79 


9 


i».95 


14.61 


11.45 


9.04 


23.13 


18.54 


33.16 


10 


13.64 


15.59 


12.52 


9.31 


24.28 


19.81 


35.25 


11 


14.14 


16.18 


^: 


J.18I 


9.56 


25.13 


20.62 


36.50 


Tnuuati 


1 Holyhead. 


»: 


Bel&st. 


Sligo. 


Galway. 


Queens- 
town. 


h. m 


Feet, 


Feet 


Feet 


Feet 


Feet 


Feet 





16.00 


10.94 


9.43 


8.54 


14.83 


11.75 


1 


15.83 


10.80 


9.37 


8.45 


14.68 


XI. 69 


a 


15.41 


10.49 


9.24 


8.06 


14.20 


11.37 


8 


14.68 


10.05 


9.00 


7.51 


13.43 


10.84 


A 


13.84 


9.61 


8.63 


6.83 


12.34 


10.19 


a 


13.03 


9.13 


8.30 


6.22 


11.30 


9'SS 


8 


12.63 


8.83 


8.09 


5.98 


10.87 


9.14 


7 


12.97 


9.10 


8.07 


5.94 


11.17 


9.26 


8 


13.66 


9.55 


8.36 


6.35 


12.02 


9.78 


9 


14.55 


10. 04 


8.86 


7.25 


12.98 


10.47 


10 


15.3"^ 


10.50 


9.22 


7.96 


13.82 


11.12 


11 


15,8c 




10.8 


6 


9. 


41 


8 


.31 


1 


4.49 1 




11.57 



D6 
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TIDES OP BRITISH PORTS.— Table Mh. 



TABLE OF COKBEGTIOHS 
FOB THE MOON'S DEdlHATIOH AHD PARALLAX, 

Fw tke Tufmty Places tpeeified. 



Xbte.—Fcfr the Moon'i Declinatioii, no ooireetion from 14^ to 10^. 
„ Parallax „ - for 67. 



Hame of Port. 



HOOK'S BECIIHAnOH. 



o« 

to 

6'+ 



9«+ 

and 

2I.*— 



2.''+ 
and 
I8.«- 



24© 



270 



30® 



XOOHS' PAEALLAZ. 



54' 



66'— 
and 



66'— 
and 

58+ 



6i' 

+ 



Brest 

Port»mottth , 

Dover , 

Sheemess 

London 

Harwich 

HuU 

Sunderland 

Leith 

Thurso 

Qreeoock 

Liverpool 

Pembroke 

Weston-euper-Mare . 

Holyhead 

Kingstown 

Belfast , 

Sllgo , 

Galway , 

Qneenstown (Cork)., 



Ft. 
•4* 

.XI 

•34 

:2 

.16 

.16 
•*9 
•*9 
.13 
.41 



Ft. 
.19 
.10 
.16 
.11 
. 12 

:S 

.11 
."J 

:'J, 

.19 
.19 
'V 

.IJ 
.07 
.05 
.10 
.14 

.10 



Ft. 

.36 
.58 
.40 
•4J 

.6j 
•45 
•49 
•49 

.X2 

•7* 
•7* 
1.17 
•49 
•»7 
.18 
.36 



Ft. 
1. 01 
.50 
.82 

•It 

III 
• 63 

.69 

•31 

1. 01 

1. 01 

1.64 

69 

37 

»5 

SO 

75 
50 



Ft 


Ft. 


1. 11 


1.02 


.65 


•$i 


1.07 


.83 


:li 


t 


.49 


.?» 


1. 15 
.82 


:S 


.90 


.70 


.90 


.70 


.41 


.32 


1.31 


1.02 


I. ?i 


1.02 


2.13 


1.66 


.90 


.70 


•49 


•?8 




.26 


.65 


•51 


fs 


•77 
•51 



Ft. 

.36 
.77 
'4P 
.45 

.11 

.45 
.49 
.49 
.22 

.7» 
.72 
1. 17 
.49 

■M 



Ft. 


Ft. 


.35 


1. 15 


.18 


•58 


.29 


.86 


.19 


.64 


.22 


.72 


.13 


.43 


.31 


I.OI 


.22 


.72 


.24 


•79 


•M 


:lt 


.11 


•35 


i.ij 


•35 


1. 15 


•57 


1-77 


.24 


•79 


•13 


•43 


:?l 


.30 
•58 


.26 


.86 


.18 


.58 



Ft. 

1.56 

•7? 

1.26 

.87 

.58 
1.36 

•97 
1.07 
1.07 
48 
I. $6 
1.56 
2.53 

1. 16 
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DEVOHPORT TIDES. 



Table shewing the Semi-menstrual Tneqoality, or the interval between the apparent 
Solar time of the Moon's Transit, 1^ day preceding a Devonport Tide, and the time 
of High Water; also the same inequality in the height of Ifigh Water, the Moon's 
Declination being 1&> 90', and Horizontal Parallax 67'. 



Hoon'i 

Traniit. 



Inter- 
val. 



Height 



Koon's 
Transit. 



Inter- 
val. 



Height 



Hoon*i 
Transit. 



Inter- 
val 



Height 



30 

1 30 

2 30 

3 30 



H. M. 

6.20 
6.II 
5^55 
5^40 



Feet 
>5.34 
15.01 
14.AI 
13.64 



30 
30 
30 
30 



H. M. 

5-35 
5^45 
6.19 
6.ji 



Feet 
12.82 
12.24 
12.29 
12.92 



H. M. 

8 30 

9 30 

10 30 

11 30 



H. M. 

7.07 
7.07 



Feet 
13.85 
14.64 
15.14 
15.40 



TABLE OF COBBECnOirS FOB THE HOOK'S DECIIKATIOK AKD 
PABALLAX. 



Koon's 
Transit 



Hoon's Bedination. 



09 

to 

30+ 



6«» 
to 

90+ 



\2o-\- 

and 

2|o_ 



isl- 
and 



249— 



27«— 



Moon's Parallax. 



64'— 



66^ 
and 
59+ 



56— 

and 

58+ 



60* 

+ 



61' 

+ 



H. If. A.1L 

30to6 
6 Otol I 30 



Ft 
.26 



Ft. 
.18 



Ft 
.13 
.18 



Ft 

.04 
.05 



Ft. 
•31 
•39 



Ft 
.44 
.60 



Ft 
.80 

.66 



Ft 

.54 
.45 



Ft 

.27 

.22 



Ft 
.81 



Ft 
i.oo 

.86 
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TIDES OF BRITISH PORTS 


».— Table 82o. 


TABLE FOB FIHSIHO THE HEIGHT OF THE TIDE | 




AT AHT DmiSMBPLLTX HOUBS OB HALT-HOTTBa 1 


BE70BE OB A 

Zeroattix 


7TEB HIGH WATEB. 


anffuqfnde; Ou Low WaUr it n^ppomd to h$ 
hoMTS afUr High Water, 


Sange. 

H. M. 

6 


H. M. 

5 30 


H. H. 

6 


H. X. 

4 30 


H. X. 

4 


3 30 


H. X. 

3 


H. x.;h. .. 

2 3o|2 


H. X. 

1 30 


H. v. 
1 


H. X. 

30 


Ft. 


Ids. 


Ft. Ins. 


Ft. IPS. 


Ft. Ins. 


Ft. Ins. 


Ft. Ins. 


Ft. Ins. 


Ft.Ins.|Ft.Ins. 


Ft. Ins. 


Ft. Ins. 


FtLM. 


6 





S 10 


J 6 


5 1 


4 6 


3 9 


3 


a 3 




11 


6 


2 


7 





6 10 


6 5 


5 " 


5 3 


4 4 


3 6 


» 7 




I I 


7 


2 


8 





7 lo 


7 4 


6 9 


6 


5 


4 


3 




I 3 


8 


2 


9 





8 9 


8 3 


7 7 


6 8 


5 8 


4 6 


3 5 




1 5 


9 


3 


10 





9 9 


9 a 


8 5 


7 5 


6 3 


5 


3 9 




1 7 


10 


3 


II 





lo 9 


10 I 


9 4 


8 2 


6 10 


5 6 


4 * 


2 10 


1 9 


II 


3 


12 





II 8 


II o 


10 2 


8 II 


7 6 


6 


4 6 




I 10 


I 


4 


13 





1% t 


12 O 


II 


9 8 


8 2 


6 6 


4 10 






I 


4 


14 





13 8 


11 II 


II 10 


10 5 


8 9 


7 


5 3 






1 I 


4 


' 15 





'4 7 


13 lo 


12 8 


II 2 


9 5 


7 6 


5 8 


3 10 




I 2 


5 


16 





»5 7 


14 9 


13 6 


II II 


10 


8 


6 






I 3 


5 


17 





i6 7 


15 8 


14 4 


12 8 


10 8 


8 6 


6 4 






1 4 


5 


18 





17 7 


i6 7 


15 3 


13 5 


II 3 


9 


6 9 






I 5 


5 


19 





i8 6 


17 6 


16 I 


14 2 


II 10 


9 6 


7 1 


4 10 


2 II 


I 6 


6 


20 





19 6 


i8 5 


16 II 


14 II 


12 6 


10 


7 6 






I 7 


6 


22 





zi 5 


xo 3 


18 7 


16 5 


»3 9 


II 


8 3 






I 9 


7 


24 





*1 5 


AZ I 


zo 3 


17 II 


15 


iz 


9 






I II 


7 


26 





»5 4 


Z3 II 


22 


19 4 


16 3 


13 


9 10 






2 I 


8 


28 





Z7 4 


Z5 9 


23 8 


20 10 


17 6 


14 


10 6 






a 3 


8 


30 





*9 3. 


Z7 7 


iS 4 


Z2 4 


18 9 


IS 


II 3 






2 s 


9 


32 





31 a 


»9 5 


27 


ZJ 10 


20 


16 


IZ 


8 2 




2 7 


10 


34 





33 a 


31 3 


28 9 


»S 4 


21 3 


17 


IZ 9 


8 8 




2 9 


10 


36 





35 1 


33 1 


30 5 


z6 10 


zz 6 


18 


13 6 


9 * 




2 II 


II 


38 


37 I 


35 o 


32 I 


28 4 


Z3 9 


19 


14 3 


9 8 


5 II 


3 


II 


40 


39 


36 10 


33 10 


Z9 10 


Z5 


20 


IS 


10 2 




3 i 


I 


H. 




M. H. K. 

|0 30 


H. H. 

1 


H. M. 

1 30 


H. X.'h. X. 

2 2 30 


H. M. 

3 


H. X.H. M. 

3 30 4 


H. X.'h. X. 

4 30 5 


H. X. 

6 30 
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TIDES OF BRITISH POSTS.— Table 88. 



TABLE OF CONSTAHTS, 

To be added to, at dfldneted from, the Times and Heights of High Water, as computed 
from Tables 32 and 32a. 



The FbrU of Rrference and their Tidal Ranget are in Black Figures, 



P0BT8. 



Mean 
Sprg. 
Range 



inmaris 

Whitehaven and Tarn 
Point, 8olira7 F....... 

lie de Seine 

Ushant , 

St. Male and GranTille 

Honflenr ...» 

Ouernsej 

Dieppe 

Boulogne 

Gape Grisnez 



P0BT8H0UTH 

Beachy Head ..... 

Newhaven , 

Shoreham 

Littlebampton ft Selsea 
Bembridge Point. 
Southampton .... 

Gowes 

Lymington 

Hunt Camber ...» 

Needles 

Christchurch .... 

Poole 

Weymouth 

Portland Breakirater... 
PorttandBiU .... 
West Bay 



B07£B 

Limerick 

Tarbert 

Margate 

Broadstairs 

Ramsgate 

Sandwich 

Deal 

Dungeness 

Rye Bay 

He d' Aiz 

He de Doinuoutier.. 

St.Nazaire 

Aldemey 

Cherbourg 

Havre 



Chatham 
Heme Pier 



Ft. In. 
41 a +7 30 



17 6—0 



24 10 
XI 6 

12 7 



+7 
+7 



16 1 



Ckmitants. 



Time. Hght. 



36—1 



%x 

4* 
43 

\t 

40 
r ai 

+0 XI 

'-+0 5 
— o 40 
—I 

55 

1 X5 
—1 40 
—I 55 

50 

50 

o 

45 

—540 



-6 15 

+1 

-1-0 xz 
+0 18 
-j-z 10 
+0 5 
40 
+0 - 
-7SZ— f 
II— 8 10— X 

*-^ 3»— 3 
-4X6 

—3 13 

—I XI 



-fo 15 
X5 



Ft. In. 



4-* 4 
+4 I 



+0 



+4 ! 



+« 
+* 



5 
—5 

—3 



—4 2 



P0BT8. 



LOKBOH 

Gravesend 

Purfleet 

Wooliricfa < 

Blackwall 

Greenwich 

HABWICH • 

Yarmouth 

Lowestoft 

Orfordness 

HULL »•*< 

Flamborough Head ... 

Bridlington 

Spurn Point •*.... 

Great Grimsby 

Wainfleet Point 

Blackeney and Wells... 

Wisbeach Quay 

Lynn Deep 

STTNDEBLAKD 

Dundee 

Perth Tide Harbour ... 

Warkworth 

Tynemouth Bar 

North Shields 

Hartlepool 

Tees MouUi 

Whitby 

Scarboro' 

LEITH 

Peterhead 

Aberdeen 

Stonehaven 

Montrose 

Arbroath 

Berwick 

Holy Island «... 

THUSSO 

Banff 

Tour de Cordouan 

OBEENOCK 

Port Patrick 

Loch Ryan 

Gampbleton 

Ayr 



Ft. In. 
19 6 



2010 



Sprg. 
Range 



19 ioj<-o 

11 6 

5 9 
7 



-*49-f 9 
-40 



19 X 



—I 59 
—I 50 
-I 9 
-053 
— o 29 
9 

9 



15 10 
16 4 



13 8 

IJ IC 

9 9 



Coastants. 



Time. Hght. 



Ft In. 



-o 17 



—I 8 



o 50 

-l-x 50 
— o X4 
— o 22 
rO 9 

^-o 6 

-\o 8 
Ho 23 
+049 



»— I 43 
I 4 
o 57 

— o 40 

31 

2 
+ IJ 



-054 
48 
15 

9+0 » 



+0 a 
-a 8 



II 

4-0 8 



+1 5 



+4 " 
-450+0 7 
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TIDES OP BRITISH PORTS.— Table 88. 



TABLE OF C0HSTAHT8, 

To In added to or dednoted from flia TIidmi and Heighii of Hl^ Water, as compited 
from Tables 32 and 82a. 



7%e FM8 of Reference and Aeir Tidal Ranges are in Black Figures. 



PORTS. 



CQEEEirOGK *••• 

Largs 

PortOlasgow .... 
Glasgoir*,..^....... 

UVEBPOOL . 

Fleetwood.......... 

St Bee's Head.... 

ABnanfoot. .......•• 

Port Carlisle....... 

Parkeate 

Douglas............. 

FSMBBOKE.... 

Milford Entrance 
Bamsey Somid.... 

Cardigan Bay .... 

AberdoTnr ....... 

PortDynlaen .... 

Bardaea Isle. 

Morlaiz 

WESTOT BUFES- 

8t. Ive's ""'"," 

Barnstaple 

Lmidylsle ....... 

Bfrsfiombe •..•••• 

Bridgewater Bay 

Portlshead 

Bristol 

Cardiff 

Port Talbot 

Swansea 

St HeUer'B 

HOLTHEAD.... 

Westport 

Caernarvon 

Plel 

Tobermory 

Barfleur 

Dmikirk 

KnrosTOWH . 

Donagbadee 

Carlingford 

Howth 

DablinBar 

Wicklow 

Arklow 



Ft. In. 

9 9 

9 6 
7 9 

25 6 



Mean 



Sprg. 
Range 



31 



*3 9 



87 8 



19 9 



16 
11 

U 
11 

II 



13 o 



Constants. 



Time. Hgbt 



Ft la 



+0 

+1 is 



10—0 1 



+03? 
+048 
1 30 

• 4 



> a 

I II 
+0 3 
+047 
j-a 3 

1*" 
+1 33 
—I 19 +» 



10 
-I 7 
—I 11 
—I II 
+0 5— a 
+0 11— I 
+017 

44 
39-7 



-5 14 
38 
57 
35 
—I 10 
+1 57 



+0 3 
— o 18 
3 
o 
40 
-lis 



—3 

— 1 
+0 



+0 3 



+1 



POSTS. 



Mean 
Sprg. 
Sange 




KIirOSIOWK 

Dnnganron , 

Crinan 

Wick , 

BELFAST .........M..., 

Church Bay .............. 

Ballycastle , 

Torr Point (Antrim).., 
Loch Lame , 

SLIOO 

Donegal Bar. 

KlUel 

Tory 

SI 

K 

LoehlnTor 
East Looe... 
Bordeaux ... 

GALWAT 

Kilrosh 

AbeiTstwith •..••••., 

PwllheU ............ 

BeUeisle ............ 

LaHogue m.... 

Calais. 

gUEERBTOWir 

Dnmaiie's Bay...... 

Bantry 

Yalentia 

Achllry 

Wexford ... 

New Boss 

Waterford 

Dunmore , 

Yougbal ........ 

LiTemess , 

DEVOirPOET 

Lyme Cobb 

fScmonih ........ 

Torbay 

Dartmouth ..... 

Eddystone 

Fowey 

Falmouth 

Lizardand Mount's Bay 
Sdlly 



Ft In. 
11 



6 I 
9 

9 5 



+1 a 

—5 59—4 " 

9+0 II— I 3 



8 o 

8 8 



-148 
-458 . 
-I 8-7 
- 18— I 



II II 

9 
II 7 
It II 
16 a 
14 

1410 



+0 



13 
>3 

14 3 
18 

19 

11 9 

10 a 

10 1 

11 I 
10 9 



16 6 



Constants. 



Time. Ught. 



Ft In. 



»19 
>19 
119 
» 35 



+3 3 
-fc 4 
+1 II 

t* I 
34+7 6 

50+5 5 



■fo 
+a 
+3 
—I 

-4 



iTi 



+0 

•fo 
+0 



7 o 
9 

5 



5I-, 



I 5 

—I X 

- , 7 

7+3 7 

14+4 8 



9—1 
14-1 
19—0 
13—1 



+1 
+0 
+0 II 
+0 5 
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TIDES OF BRITISH PORTS.- 


-Table 34. 






TABLE OF THE HOOKS TKAHSU, 


AND DBCLIKATION AT NOON, || 


Par 


Por th« Y«aa 

KM tee Table 34 m i 


rs 1859^ 


1858 and 1854. 1 


Ae Bemarke m ike Mae of the TaUei. 


Bay 

of 
MontlL 


JAKTIABT. 


TEBSUAST. 1 


1852. 


1853. 


1854. 


1852. 


1853. 


1854. 1 




KCn'». 




Mn's. 




Mn'8. 




Mn's. 




Mn's. 




Mn's. 




Moon's 


Dwd. 


Koon's 


Decl. 


Moon's 


Decl. 


Mdon's 


Ded. 


Moon's 


Ded. 


Moon's 


Ded. 




TnaOJt. 


Noon 


Traaait. 


Noon. 


Transit 


at 

Noon. 


Transit. 


at 

Noon 


rniisit. 


at 
Noon 


Transit. 


at 

Noon. 




B. M. 


De». 


H. M. 


Deg. 


H. U 


De^ 


H. M 


Deg. 


H. M. 


Der. 


H. M 


Beg. 


1 


7-37 


7 


17.32 


8 


2.27 


ZI 


8.39 


ZO 


18.51 


13 


3-37 


3 


tt 


8.ai 


II 


18.21 


2 


3.22 


17 


9-34 


zz 


19.47 


18 


4.21 


2 


8 


9.09 


«5 


19.10 


3 


4.14 


IZ 


10.32 


zz 


20.46 


21 


5.04 


8 


4 


10. 00 


iS 


20.03 


9 


5.01 


7 


II. 31 


Zl 


21.45 


23 


5.48 


13 


5 


10.54 


21 


20.58 


H 


5-45 


1 


12.30 


20 


22.44 


24 


6.33 


17 


6 


II. 51 


22 


21.57 


19 


6. 17 


4 


13.28 


16 


23.41 


43 


7.19 


21 


7 


I*. 50 


2Z 


22.58 


22 


7.09 


9 


14.23 


11 




21 


8.06 


23 


8 


i3.4« 


21 


23.59 


24 


7.53 


H 


15.16 


6 


0.34 


18 


8.56 


25 


9 


14.45 


18 




24 


8.37 


18 


16.08 





I.Z4 


H 


9-47 


26 


lO 


15.39 


H 


0.58 


23 


9.23 


Zl 


16.59 


5 


Z.IO 


9 


10.37 


25 


11 


16.3a 


9 


1-54 


20 


10.12 


24 


17.51 


10 


a. 53 


4 


11.27 


23 


Itt 


17. « 


4 


2.46 


16 


1 1. 02 


25 


18.44 


>5 


3-35 


I 


12. 16 


20 


13 


18. IZ 


1 


3.34 


12 


i^'Si 


25 


19-37 


18 


4-17 


6 


13.03 


16 


14. 


19.03 


6 


4.18 


7 


12.43 


25 


20.31 


21 


4.58 


10 


13.49 


12 


15 


19.54 


11 


5.00 


2 


»3.33 


23 


21.24 


22 


5.41 


15 


H.34 


6 


16 


20.47 


'5 


5.41 


3 


14. zo 


19 


22.17 


22 


6.Z7 


18 


15-19 


I 


17 


21.41 


«9 


6.22 


7 


15.06 


15 


23.07 


21 


7.14 


Zl 


16.05 


5 


18 


21.36 


21 


7.04 


12 


iS'S^ 


II 


'•S'SS 


19 


8.04 


23 


16.54 


11 


19 


i3-3o 


22 


7.48 


16 


16.35 


5 




16 


8.57 


24 


17.47 


16 


flO 




22 


8.34 


19 


17.20 





0.41 


13 


9.51 


24 


18.43 


20 


91 


0.23 


21 


9.24 


22 


18.08 


6 


1.24 


9 


10.45 


22 


19.43 


23 


92 


1. 13 


18 


10.15 


23 


• 8.58 


12 


2.06 


4 


11-39 


19 


20.46 


25 


98 


2.00 


15 


11.09 


24 


19-53 


17 


2.46 





12.31 


15 


21.49 


26 


94. 


*-45 


11 


12.03 


^3 


20.53 


21 


3.27 


4 


13. zz 


10 


22.49 


24 


95 


3.17 


7 


12.57 


21 


21.57 


24 


4.09 


9 


i4.>3 


10 


23.45 


21 


96 


4.09 


3 


«3.49 


18 


23.02 


26 


^•5I 


13 


15-03 


I 




17 


97 


4.50 


I 


14.40 


'4 




25 


5.38 


16 


15.55 


7 


0.37 


11 


98 


5.31 


6 


15-30 


9 


0.05 


23 


6.z8 


19 


16.48 


IZ 


1.25 


6 


99 


6.14 


10 


16.19 


3 


1.05 


>9 


7.20 


21 








. , 


80 


6.59 


H 


17.08 


2 


2.00 


15 


.. 


• • 


, . 


. . 


. . 


.. 


81 


7.47 


17 


17.58 


8 


Z.50 


9 




• • 
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TIDES OF BRITISH PORTS.- 


-Table 34. 






TABLE OF THE XOOFS TRAHSU, 


AND DECLINATION AT N I^, | 


For th« Yeai 
For use see Table 34 m 


m 1859, 1853, said 1B5A, 


the Remarks on the use of the Tables. 


Day 

of 


MASCH. 


APSIL. 1 


1852. 


1858. 


1854. 


1852. 


1853. 


1864. 1 




Mn't. 




Mn-B. 




Mna. 




Mn's. 




Mn's. 




Mn's. 


Month. 


Moon's 


I>eeL 


Moon'8 


Ited. 


Moon's 


Docl. 


Moon's 


Dcol. 


Moon's 


Decl. 


Moon's 


Decl. 


Transit. 


•t 


Tnuuit 


at 


TrauBit. 


at 


Transit. 


at 


Transit 


at 


Transit 


at 






Noon. 




Noon. 




Noon. 




Noon. 




Noon. 




Noon. 




H. M 


D«*. 


H. X. 


D«*. 


a. M 


D«C. 


H. M. 


Deg. 


a. X. 


Dej. 


H. X 


Defr 


1 


8.15 


22 


J 7. 43 


17 


2.12 





9.48 


»5 


19.29 


24 


3.03 


19 


a 


9.12 


22 


(8.40 


21 


2.56 


6 


10.43 


II 


20.33 


23 


3-51 


22 


3 


lO.II 


20 


19.39 


23 


3-4' 


II 


11.38 


5 


21.14 


20 


4.40 


25 


A 


11.09 


17 


ZO.32 


24 


4.25 


16 


12.33 


I 


22.00 


16 


5.30 


26 


5 


ia.o6 


13 


21.33 


24 


5." 


20 


13.28 


6 


22.45 


12 


6.21 


26 


6 


13-01 


8 


22.27 


22 


5-59 


23 


14-23 


It 


23.27 


7 


7-11 


25 


7 


13.56 


2 


23.16 


19 


6.48 


25 


15.20 


16 




2 


8.00 


23 


8 


14.49 


3 




15 


7.39 


27 


16.17 


20 


0.09 


3 


8.48 


20 


9 


15.43 


9 


0.03 


10 


8.29 


26 


17.14 


22 


0.50 


8 


9-34 


15 


lO 


16.37 


H 


0.47 


6 


9.20 


24 


18.09 


23 


1.32 


12 


10 20 


10 


11 


17.32 


18 


1.30 





10.08 


22 


19.01 


22 


2.16 


17 


11.06 


5 


12 


18. a7 


20 


2.12 


4 


10.57 


18 


19-51 


21 


3.01 


20 


11.53 


I 


13 


19 21 


22 


3.53 


9 


11.43 


13 


20.37 


18 


3-49 


23 


12.43 


7 


14. 


20.14 


23 


3.36 


13 


12.29 


8 


21.21 


15 


4-38 


24 


13.35 


13 


15 


21.05 


22 


4.20 


17 


13.15 


2 


22.03 


11 . 


5.29 


25 


14.31 


18 


16 


21.53 


20 


5.06 


21 


14.02 


3 


22.44 


7 


6.21 


24 


15.30 


22 


17 


22.38 


17 


S-S5 


23 


H-51 


9 


23-25 


2 


7.13 


22 


16-33 


25 


18 


^3'H 


14 


6.46 


24 


15.43 


15 




Z2 


8.05 


19 


17.35 


26 


19 


0.00 


10 


7.38 


24 


16.38 


19 


0.06 


7 


8.56 


15 


18-35 


26 


BO 


0.04 


5 


8.31 


23 


17.38 


23 


0.48 


II 


9.46 


10 


19-31 


23 


91 


0.45 


I 


9.25 


21 


18.39 


25 


1-32 


15 


10.37 


4 


20.24 


19 


99 


1.26 


3 


10.17 


17 


19.40 


26 


2.19 


18 


11.29 


2 


21.12 


15 


93 


2.07 


8 


11.09 


12 


20.39 


25 


3.08 


21 


n.23 


8 


21.58 


9 


94. 


Z.50 


12 


12.00 


7 


21.35 


22 


3-59 


22 


13-20 


14 


22.43 


4 


95 


3.35 


16 


12.52 


I 


22.27 


18 


4-53 


23 


14.20 


18 


23 27 


2 


96 


4.22 


»9 


13.45 


5 


23.16 


13 


5.47 


22 


15.22 


22 




8 


97 


5-1* 


21 


14-39 


II 




7 


6.42 


20 


16.24 


24 


0. 11 


13 


98 


6.04 


22 


15-35 


16 


0.03 


2 


7.37 


17 


17.23 


25 


0.56 


17 


99 


6.59 


*3 


16.34 


20 


0.48 


4 


8.30 


12 


18.19 


23 


1.43 


21 


30 


7.56 


21 


17.33 


23 


1.32 


9 


9.23 


7 


19.12 


21 


2.32 


24 


31 


8.5a 


19 


»8.33 


24 


2.17 


14 
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TIDES OP BRITISH PORTS.— Tablb 84. 

TABLE OF THE HOOK S TRAHSIT, 

AND DECLINATION AT NOON. 

For tbm TMura 1858^ 1858 and 1854. 



Far u$e tee Table 84 in the Remarke <m (he use of tke Tables, 



Day 

of 
Month. 



1 
8 
8 
4 
5 

8 
7 
8 
O 
10 



XAT. 



1858. 



VoOB't 



10. l6 

1 1. 10 

13.03 

14.01 

5.00 
15.57 

»7.45 
18-33 



IfB't. 

Deel. 



11 


19.19 


18 


ZO.02 


18 


io.43 


14. 


zi.a4 


15 


22.04 


18 


M.46 


17 


»3.30 


18 


* • 


19 


0.16 


80 


1.05 


81 


1. 56 


88 


2.49 


88 


3-43 


84 


4.3« 


85 


5.31 


88 


6.24 


87 


7.15 


88 


8.06 


89 


8.58 


80 


9.50 


81 


10.45 



1858. 



Mil**. 



1854. 



Hoon's 
Transit. 



20,0c 
ZO.44 
21.27 
ZZ.08 
Z2.49 

Z3.3I 

• • 
0.13 
0.58 

1-45 

a'34 
3-314 
4.15 
5.07 
5-57 

6.47 
7.3^ 
8.Z5 
9.14 
10.06 

II.OI 

12.00 
13.02 
14.07 
15.10 

16. 10 

17.05 
17.56 
18.42 
19.26 
20.08 



3.Z2 

4.13 
5-03 

S'5^ 
6.40 

7.26 
8.11 

8.57 
9.42 
10.30 

II. 21 
12.17 

13.17 
14.20 

15-25 

16.28 
17.26 
18.21 
19. II 

«9.57 

20.41 
21.25 

22.08 
«.53 
»3-39 



0.27 
1. 16 
2.07 
*.57 
3-47 



Mn's. 
Decl. 



VOOD. 



26 
26 
26 

21 

17 
12 

7 
I 

5 

II 

16 

21 

*5 

26 

26 
24 

21 
16 
IX 

5 

I 

6 

II 

16 

20 
*3 

^5 
26 
26 
25 



JUKE. 



1852. 



ICbon't 
Ikaodt. 



Ma's. 
Deel. 



B. If. 

ri.43 
12.42 

i3.4» 
4.39 
15-34 

16.26 
7.13 
17-5^ 
18.40 
19.21 

20.02 
20.43 
21.26 
22.11 
".59 

»3.5o 

0-4? 
1.38 
2.34 

3.28 
4.21 

5." 
6.02 
6.52 

7.43 

8.35 

9.30 

10.27 

11.25 



17 
21 
22 

23 



1858, 



Moon** 
Tniuit. 



20.49 
21.30 
22.12 
22.56 
22 23.42 






0.31 
1.21 
2.12 
3-03 

3-54 
4-43 
5-31 
6.18 
7.06 

1'SS 

8.47 

9.42 

10.42 

11.44 

12.49 
13-53 
14.5^ 
15.47 
16.36 

17.22 
18.05 
18.47 
19.28 
20.10 



Mii'i. 
Dwd. 

»t 
Noon. 



1854. 



H. X 



4 

5 

6.05 

6.49 

7.33 

8.19 

9.07 

9-59 

10.57 

".59 

13.05 
J4.12 

15-15 
16.13 
17.06 

17.55 
18.40 
19.24 
20.07 
20.51 

21.36 
22.23 
23.12 

0.02 

0.53 
1.43 
2.31 
3.17 
4.02 



Hn'i. 
D0cL 



22 
18 
14 

9 



8 
14 
19 
*3 

26 
26 

»5 

22 
17 

12 

6 

o 

4 
10 

»5 
«9 
»3 

*5 
26 

»6 

*5 
22 

19 

>5 
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TIDES OP BRITISH POETS.- 


-Table 34. 






TABLE OF THE XOOH'S TRANSIT, 


AND DECLINATION AT NOON, | 


For th« Y«a3 

For me see Table 34 m 


rs 1858, 1858, and 1854. 


the Bemarke en the use of the TahUe, 


Day 
of 


JTTLY, 


AlTGirBT. 


1853. 


1B58. 


1854. 


1852. 


1858. 


1854. 1 




ICn'a. 




IfD't. 




Mn't. 




Mii'f. 




Vn'a. 




ICnl. 


Xonth. 


Mood's 


Itad. 


Moon'* 


Decl. 


Moon'i 


l>»el 


MOOB'I 


Deak. 


Moon'a 


l>wl. 


Vooa** 


DmL 


TraMlft. 


at 


tnaailt 


«t 


Tnwflt 


at 


Z-rauit. 


at 


Tranait. 


at 


Tnuuit. 


at 






Noon. 


Noon. 




Xoon. 




KOOD. 




XOOD. 




500B. 




& X 


DiS. 


B. X. 


D«g. 




imk. 


H. U. 


imk. 


K. U. 


Dtf. 


B. K 


D«. 


1 


ia.a4 


*3 


ao.53 


^i 


4.45 


10 


^3.44 


16 


22. 01 


24 


5.39 


II 


a 


13. ai 


23 


ai.39 


18 


5.28 


5 


14.29 


12 


22.53 


25 


6.29 


16 


a 


H'H 


21 


Z2.27 


21 


6.12 


I 


15.12 


8 


23.45 


24 


r*4 


20 


A 


15.05 


18 


23 16 


23 


6.57 


6 


15.53 


3 


• • 


22 


8.23 


*t 


5 


^S^S^ 


15 


• • 


25 


7.46 


12 


i6.3> 


I 


0.36 


19 


9.28 


26 


e 


16.35 


II 


0.08 


25 


8.40 


17 


17.15 


5 


J.25 


15 


10.33 


26 


7 


17.17 


7 


0.59 


24 


9.39 


22 


17.58 


10 


2.14 


10 


11.38 


25 


a 


17.58 


2 


1.51 


21 


10.43 


25 


18.43 


14 


3.01 


5 


IX. 38 


21 


9 


18.39 


2 


2.40 


18 


11.49 


26 


19.31 


17 


3.48 


I 


13.34 


16 


10 


19.21 


7 


3.29 


14 


12.56 


x6 


10.22 


20 


4.3^' 


6 


'4.25 


II 


11 


Z0.04 


II 


4.16 


9 


13.58 


23 


ZI.I5 


23 


5.26 


12 


'5.13 


4 


la 


40.51 


15 


5-03 


4 


14.55 


19 


42.11 


23 


6.20 


17 


»5.59 


2 


18 


21.41 


19 


5-50 


2 


15.47 


14 


Z3.o8 


22 


7.17 


21 


16.44 


8 


XA 


i*.33 


21 


6.39 


7 


16.36 


8 


• • 


21 


8.17 


25 


'^35 


13 


15 


23.29 


22 


7.31 


13 


17.21 


2 


0.05 


17 


9.18 


25 


18.16 


18 


16 


• • 


»3 


8.27 


18 


18. o< 


4 


1. 00 


13 


10.19 


25 


19.04 


21 


17 


0.25 


22 


9.27 


22 


(8.49 


9 


1.53 


8 


11.18 


22 


19.54 


24 


la 


1.21 


19 


10.29 


24 


19.34 


14 


2.45 


2 


12.13 


19 


20.45 


26 


19 


2.16 


16 


11.33 


25 


20.21 


18 


3.36 


3 


13.03 


15 


21.35 


26 


ao 


3.09 


12 


".35 


24 


41.09 


22 


4.28 


8 


13.50 


10 


22.24 


z6 


ai 


4.00 


6 


13.32 


21 


ZI.59 


25 


5.21 


13 


14.35 


4 


23.12 


24 


88 


4.50 


I 


14.25 


17 


".49 


26 


6.15 


18 


15.18 


I 


23.58 


21 


as 


5.40 


4 


15.14 


13 


^3.39 


26 


7. II 


21 


16.01 


6 


• . 


17 


84 


6.31 


9 


•5.59 


8 


• • 


25 


8.07 


23 


16.44 


II 


0.43 


12 


85 


7.^4 


14 


16.42 


2 


0.28 


23 


9.03 


23 


17.28 


15 


1.26 


7 


86 


8.19 


18 


17.24 


2 


i.»5 


20 


9.57 


22 


18.14 


19 


2.09 


a 


87 


9.15 


21 


18.06 


7 


2.01 


16 


10.49 


20 


19.02 


22 


2.52 


4 


aa 


10.13 


23 


18.49 


12 


2.44 


II 


11.38 


17 


19.52 


24 


3.37 


10 


89 


11.09 


23 


19.34 


17 


3.27 


6 


12.24 


»3 


20.44 


25 


4.25 


15 


ao 


12.04 


22 


20.21 


20 


4.09 


t 


13.07 


9 


21.36 


25 


5.17 


ao 


ai 


12.56 


19 


21.10 


22 


4.53 


5 


13.49 


5 


22.27 


23 


6.13 


as 
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TIDES OP BRITISH PORTS.- 


-Table 84 




TABLE OF THE XOOH'S TRAHSIT, 


AND DECLINATION AT NOON, 


For the Years 185a, 1858^ and 1854. 


For use see Table 34 in 


the Remarks on the use of the Tables. 


Day 
of 


SEPTEMBES. 


OCTOBES. 1 


1862. 


1868. 


1864. 


1862. 


1863. 


1864. 1 




Mn'8, 




Mn's. 




Mn's. 




Mn's. ' 


Mn's. 


■ 


Mn's 


Month. 


Moon's 


DecL 


Moon's 


Decl. 


Moon's 


D«cl. 


Moon's 


Ueol. Moon's 


Decl. 


Moon's 


DecL 


TraoBit. 


•t 


Tnuult. 


at 


TraiMt. 


at 


rraasit. 


at Transit 


at 


Transit 


at 






Noon. 




Noon. 




Noon. 




Noon. . 


Noon. 




Noon. 




H. X 


Deg. 


H. X. 


Dear. 


H. M 


De». 


H. M. 


Deg. 


H. H 


Deg. 


B. M 


Deg. 


1 


H-30 





23,18 


21 


7.14 


26 


14-33 


12 


23.35 


9 


8.10 


24 


8 


15. II 


4 




17 


8.17 


27 


15-18 


16 


.. 


3 


9.07 


20 


8 


15.53 


9 


0.07 


12 


9.21 


26 


16.05 


19 


0.24 


3 


10.00 


15 


4 


16.37 


13 


0.56 


7 


10.21 


23 


16.55 


22 


I. 15 


9 


10.50 


9 


5 


17.23 


17 


'1. 44 


1 


II. 18 


19 


17.47 


23 


2.08 


15 


11.38 


3 


8 


18. II 


20 


2.33 


5 


12. II 


13 


18.40 


^3 


3.05 


19 


12.25 


3 


7 


19.03 


22 


3.23 


II 


13.01 


7 


19.35 


23 


4.04 


23 


13.11 


9 


8 


19-57 


23 


4.16 


16 


13.49 


I 


20.29 


21 


5.05 


*5 


13.59 


14 


9 


*o-53 


23 


5.11 


20 


14-35 


5 


21.23 


17 


6.05 


25 


14.48 


1^9 


lO 


21.49 


21 


6.10 


23 


15.21 


11 


22.16 


12 


7.04 


24 


15.38 


23 


11 


"•45 


19 


7.10 


25 


16.09 


16 


23.10 


7 


7.59 


21 


16.29 


25 


IB 


23.39 


15 


8.10 


*5 


16.58 


20 


.. 


I 


8.51 


17 


17.20 


26 


13 


.. 


10 


9.09 


23 


17.47 


24 


0.04 


4 


9.39 


13 


18.11 


27 


14. 


0.33 


4 


10.04 


20 


18.38 


26 


0.59 


10 


10.24 


7 


19.00 


26 


15 


1.26 


I 


10.55 


16 


19.28 


27 


1.55 


15 


11.07 


2 


19.47 


23 


18 


Z.19 


7 


11.43 


II 


20.18 


26 


2.54 


19 


11.50 


2 


20.33 


20 


17 


3. 13 


12 


12.28 


6 


21.07 


25 


3.53 


22 


12.32 


8 


21.17 


16 


18 


4.08 


17 


13.11 


I 


21.54 


22 


4-52 


23 


13.16 


13 


22.00 


11 


19 


5.05 


20 


13.54 


4 


22.39 


18 


5.49 


23 


14.01 


17 


22.44 


5 


80 


6.02 


22 


14.37 


9 


23.23 


14 


6.43 


22 


14.48 


21 


23.29 


I 


81 


6.59 


23 


15.21 


14 


, , 


9 


7.33 


19 


15.36 


23 


, . 


6 


88 


7.54 


23 


16.07 


18 


0.06 


3 


8.20 


15 


16.26 


25 


0.16 


12 


83 


8.46 


21 


16.54 


21 


0.50 


2 


9.04 


II 


17.16 


25 


1.07 


18 


94. 


9.35 


18 


17.43 


24 


1-35 


8 


9.46 


7 


18.07 


*5 


2.02 


22 


85 


10.21 


14 


18.34 


25 


2.22 


14 


10.27 


2 


18.57 


23 


3.01 


25 


88 


11.05 


10 


»9.«5 


25 


3.13 


19 


11.08 


2 


19.46 


20 


4.02 


27 


87 


11.47 


6 


20.17 


24 


4.08 


23 


11.49 


6 


20.34 


16 


5.05 


27 


88 


12.28 


I 


21.07 


22 


5.07 


26 


12.31 


II 


21.22 


II 


6.05 


25 


89 


13.09 


3 


21.57 


18 


6.08 


27 


13.15 


15 


22.11 


6 


7.02 


21 


80 


13.50 


8 


22.46 


14 


7. II 


26 


14.02 


18 


23.01 





7.55 


17 


31 
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TABLE OF THE HOOK'S TKAHSU, 


AND DECLINATION AT NOON, | 


For 


For the Ten 

use see Table 34 in 


rs 1852, 


1853 and 1854. 


fA« Remarks on the use 0/ the TaNes. 


Day 

of 

HontlL 


NOVEMBES. 


DECEMBES. 


1862. 


1853. 


1854. 


1852. 


1858. 


1854. 




Mil's. 




Mn's. 




Mn's. 




Mn's. 




Mn's. 




Mn's. 




Moon's 


IJecl 


Moon's 


Led. 


Moon's 


Decl. 


Moon's 


Ded. 


Moon's 


Decl 


Moon's 


Ded. 




Thuult. 


•t 

Noon. 


Transit 


at 

Noon. 


Transit. 


at 
Noon. 


Transit. 


at 
Noon 


Transit. 


at 

Noon 


Transit. 


at 

Noon. 




H. X. 


Deg. 


H. M. 


Dear. 


H. M. 


Deg. 


B. X. 


Deg. 


H. H. 


Deg. 


H. M 


Dv. 


1 


•5-4I 


23 


, , 


13 


9.32 


5 


16.15 


22 


0.33 


H 


9.45 


11 


a 


16.34 


24 


5' 


18 


10.17 


I 


17.06 


19 


1.38 


»5 


10.32 


x6 


a 


17.27 


*3 


1.51 


22 


11.03 


7 


17.57 


16 


2.44 


^5 


11.20 


21 


A 


18.19 


22 


2.54 


25 


11.50 


13 


18.46 


II 


3.45 


23 


12.11 


24 


5 


19. 12 


19 


3.57 


26 


12.38 


17 


19-36 


6 


4.42 


20 


13.02 


27 


6 


ZO.O3 


15 


4.58 


25 


13.28 


22 


20.26 





5.34 


76 


13.54 


27 


7 


^0.55 


10 


S'56 


22 


14.19 


^5 


21.19 


5 


6.21 


II 


14.45 


26 


8 


ZT.47 


4 


6.49 


19 


15. II 


26 


22.15 


10 


7.05 


5 


15.34 


25 


9 


Z2.4O 


I 


7.37 


14 


l6.02 


27 


23-13 


16 


7.47 





16.20 


22 


lO 


i3'S^ 


7 


8.23 


9 


16.52 


27 




20 


8.29 


5 


17 04 


19 


11 


, , 


13 


9.06 


4 


17.40 


24 


0.15 


23 


9.12 


10 


17.46 


H 


12 


0-34 


18 


9.48 


I 


18.26 


21 


1.17 


24 


9-55 


15 


18.28 


9 


13 


1-35 


22 


10.30 


6 


19.10 


17 


2.18 


^3 


10.40 


'9 


19.10 


4 


14. 


2-37 


2-3 


II. 13 


II 


f9'S} 


13 


3.15 


22 


11.27 


22 


19.54 


2 


15 


3.37 


24 


11.57 


16 


io.36 


7 


4.08 


18 


12.16 


»4 


20.41 


8 


le 


4-34 


23 


12.43 


20 


jr. 19 


2 


4.57 


15 


13-07 


26 


21.32 


13 


17 


5.28 


20 


13.31 


23 


22 06 


4 


5.42 


10 


13.57 


»5 


22.29 


18 


18 


6.17 


17 


14.21 


25 


22.55 


10 


6.24 


5 


14-47 


24 


23.31 


23 


19 


7.03 


13 


15. II 


26 


^3-49 


16 


7.05 





15.35 


22 


.. 


26 


AO 


7.45 


8 


i6.oi 


315 




21 


7.45 


4 


16.22 


t9 


0.36 


27 


ai 


8.27 


4 


16 SI 


24 


0.48 


24 


8.27 


9' 


17.07 


14 


1.43 


26 


SL2 


9.07 


I 


17.39 


21 


1.51 


27 


9.10 


13 


17.52 


9 


2.46 


*3 


23 


9.48 


5 


i8 25 


17 


2-55 


27 


9-54 


17 


18.38 


4 


3-45 


19 


24. 


10.30 


10 


19.12 


13 


3.59 


25 


10.42 


20 


>9.25 


I 


4-38 


'1 


25 


II. 13 


H 


19 59 


8 


4.58 


22 


11.32 


^3 


20 . 15 


7 


5.28 


8 


26 


ii'SS 


18 


20.47 


2 


S'S^ 


18 


12.25 


*3 


21.09 


13 


6.14 


2 


27 


12.47 


21 


21-37 


4 


^.43 


12 


13-18 


H 


22.09 


18 


6'S9 


4 


28 


13.38 


23 


22.31 


10 


7.30 


7 


14.11 


^3 


23.13 


22 


7.44 


10 


29 


•4-30 


24 


23 30 


15 


8.15 





15.04 


21 


.. 


25 


8.29 


15 


30 


15-^3 


24 


.. 


20 


9.00 


5 


15.54 


17 


0.20 


26 


9.17 


19 


31 
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TABLE OF THE XOOH'S HOBIZOHTAL PASALLAZ 


AT NO ON, 


For the Ymts 185a, 1853, and 1854. 


The fonoiring Table giyea fhe Moon's Parallax for correcting fhe Tidal Heiglits. 
Every fifth day onlv is giyen; and for the intermediate days suiBcient accuracy will be 


M no correction, as the TcMee 82, dx^ are oompuUd at ihie ParaUax. 


Day. 


1852. 


1858. 


1854. 


Day. 


1852. 


1858. 


1854. 




M. Sec. 


M. Sec. 


M. Sec 




M. Sec 


M. Sec. 


M. Sec 


. 


r 1 


54 4<5 


58 15 


60 9 




r 1 


58 Z2 


54 8 


55 *3 


|. 


e 


58 I 


59 58 


55 39 


. 


6 


55 7 


5450 


59 33 


11 


59 34 


57 5* 


54 


1- 


11 


54 29 


57 15 


61 6 


»» Lae 


16 


58 6 


54 34 


SS 7 


16 


57 11 


60 3 


56 57 


ai 


55 4^ 


5456 


57 56 


81 


59 14 


59 17 


54 10 




54 7 


57 37 


60 46 


^aa 


58 44 


55 ^3 


54 23 


H' r ^ 


5^45 


59 H 


57 29 




r 1 


SS 5* 


5432 


57 32 


Ij 


6 


6o 19 


58 20 


54 18 


1^ 


6 


54 I* 


5^54 


60 s6 


11 


5? I 


SS »5 


5451 


11 


56 10 


59 I 


5858 


16 


56 3 


54*1 


57 10 


s 


16 


59 40 


59 23 


54 54 


1 


ai 


54 13 


57 05 


59 26 


< 


81 


59 16 


56 35 


54 14 


K Lae 


54 37 


59 38 


59 ai 


v.a6 


5644 


54 17 


56 3 


r 1 


57 33 


59 a3 


57 19 




r I 


54 17 


5625 


59 23 


id 


6 


61 8 


57 27 


54 S3 






6 


5451 


59 « 


59 58 


E 


11 


58 39 


55 » 


SS 14 




^ 


11 


58 51 


59 5 


56 18 


S 


16 


SS 8 


54 17 


58 






16 


60 42 


57 9 


54 12 


3 


ai 


53 55 


57 19 


^2 '5 




^ 


81 


57 31 


54 38 


55 45 


Cae 


55 5 


60 3» 


58 26 




B ^86 


5447 


5448 


58 12 


r 1 


60 5 


58 5 


55 3 


r 1 


53 59 


58 23 


59 29 


*4 • 


60 43 


55 »o 


5432 


E ® 


56 I 


60 7 


58 7 


Ej " 


56 19 


54 I 


57 35 


i^ " 


60 29 


57 57 


5458 


gi 16 


54 I 


SS 3« 


59 46 


Pi *• 


60 15 


SS 25 


5440 


9 ai 


54*8 


60 I 


58 28 


i ai 


56 I 


54 5 


57 35 


Lae 


57 " 


6034 


56 5 


^ '-aa 


54 I 


55 57 


S9 23 


/- 1 


60 50 


5^536 


54 n 


a r 1 


54 5x 


6046 


58 II 


6 


59 i« 


54 15 


55 30 




6 


5824 


59 19 


55 4« 


N J 11 


55 3 


54 13 


59 33 


i-« 


11 


61 19 


55 49 


54 13 


m ai 


54 5 


57 4 


60 7 


4 


16 


57 53 


54 6 


56 31 


55 44 


61 10 


57 I 





81 


5424 


54 39 


59 59 


Lae 


58 35 


59 a8 


5440 


»^<-a6 


54 H 


58 28 


59 8 


r 1 


60 9 


54 44 


54*6 


i r ^ 


56 10 


61 a6 


5^30 


. 


6 


5^ 34 


54 I 


57 55 




6 


59 33 


57 59 


54*7 


8i. 


11 


54 10 


5542 


61 14 


E ^ 


11 


60 20 


5436 


54 34 


3 


16 


SS »5 


59 25 


58 30 


1 


16 


56 15 


54 I 


58 17 


K 


ai 


57 54 


60 s^ 


55 I 


H 


81 


54 5 


55 47 


61 


lae 


59 30 


56 51 


53 57 


p <.a6 


SS »o 


59 53 


58 1 
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